


COLUMBIA RIVER WATER MANAGEMENT GROUP

l. Purpose.

The Columbia River Water Management Group will act as acommitteeto consider problemsrelating
to operation and management of water control facilities. Upon review and discussion of the problems the
group will make tentative recommendations for consideration of the individual agencies having primary
responsibilitiesinthese areas. Particular emphasis will be placed on coordination of river system operations
including the efficient operation of the hydrometeorological system required for each operation. The basic
objective of the group is to facilitate agreement among the agencies in the interest of more effective and
efficient public service in the use of water resources of the Pacific Northwest.

1. Composition.

The Columbia River Water Management Group will be composed of the representatives of the States
and of the Federal agencies involved in the operation and management of water control facilities or
forecasting of streamflows related to water management activities in the Columbia River basin and
contiguous areas in western Washington and Oregon. Each State and member agency will designate an
officia representative, together with an alternate, who will be delegated to set forth his agency's position on
problemsrelated to water management and river regulation. It is envisioned that these representatives will
be supervisory personnel who are actively directing or allied with water management problems. Meetings
would be open to representatives of other public and private organizations concerned with the activities of
the group.

The Chairman of the Group will be from one of the three U.S. Federal Project operating agencies,
namely, Bonneville Power Administration, Bureau of Reclamation, and the Corps of Engineers and this
position will rotate annually. The Group normally will meet monthly throughout the year, or at such other
intervals of time at the discretion of the Chairman. The permanent secretary will be provided by the Corps
of Engineers, or as mutually agreed among the three Federal operating agencies.

1. Functions.

1 Coordinate seasonal program for system and project operations and the resolution of operational
problems.

2. Prepare an annua report of significant water management events and such special reports as
warranted.

3. Coordinate compilation of project operation data and water-use requirements, both at the reservoir

sites and at downstream locations, for common use by all operating agencies.

4, Coordinate and perform as required the devel opment of seasonal runoff forecasting procedures for
Columbia River and tributaries, and coordinate the use of such forecasts by operating agencies.

5. Explore adequacy and propriety of short and medium range streamflow forecasts, and coordinate
the use of such forecasts by operating agencies.

6. Coordinate the maintenance and expansion of the existing cooperative hydrometeorological
reporting network for the Columbia River basin, including automation of reporting, communication
regquirements, and data bank facilities required for project operation.

7. Such other functions as are mutually agreeable among the operating agencies.
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PREFACE

There are several things the editorial staff feelswill help the readers understand thisreport. First,
the materia in this report was prepared by many Federal and State agencies as well as other non-
governmental organizations. These contributions were of varying sizes and subjects, and were edited only
to have a consistent format, thus maintaining the original author's style and intent. The also contain the
numeric values calculated at their agency, which in some cases may differ dightly from those of other
agencies due to calculation procedures. Minor differences were not resolved.

Second, thereisadifference in spelling the names of some of the rivers, depending upon the spelling
preferencein the country. The proper spelling are consistent with the location being discussed. Example of
these differencesinclude:

United States Canada

Kootenai River Kootenay River
Okanogan River Okanagan River
Pend Oreille River Pend d'Oreille River

Third, isthe inclusion of equivalent metric units. The inclusion of metric valuesis limited to the
introduction and historical portions of this report with the one exception: water quality data, including water
temperatures, which is measured and reported in metric units. Regarding the other hydrologic and
meteorol ogic data, the agenciesthat collect and distribute these data do so in English units, i.e., feet, inches,
acre-fedt, degrees Fahrenheit, etc, and are published as such in this report. Standard Sl unit conversions are
used in this report.

Fourth, all pooal, reservoir, and lake surface levels are expressed in elevation, i.e., feet above mean
sea level. Streamgage heights, on the other hand, are expressed in feet above a datum specific to each
individual gage.

Unless otherwise noted, a standard 30-year period (1961-90) is used to compute means for
hydrologic data. (In Canadathisis computed on a calendar year basis whereas in the United States a water
year periodisused.) These mathematical means will be referred to as "normals" with arithmetic means of
other time periods referred to as "averages." Except for temperatures al departures from normals are
expressed in percent of the normal value.

Finally, thisis areport on water management activities that pertain to the operation of dams and
reservoirs. Other water-related activities, for example, dredging of coastal harbors and their associated, water
quality studies, as well as adjudication of groundwater rights, are not project operations activities and,
therefore, are not included in this report.

Copies of some of the back issues of thisreport, dating back to 1971, are still available. Copies may
be obtained by contacting the Secretary to the Columbia River Water Management Group listed inside the
back cover of thisreport. Astime permits these publications will be added to the CRWMG web site.



SUMMARY

THE 1997 WATER YEAR IN REVIEW

Water year 1997 proved to be an unusually wet time
in the Pacific Northwest. At the end of the second month
all 27 primary sub-basins had normal or greater than
normal seasonal precipitation, a status that remained
throughout the year. The Upper John Day sub-basin was
the driest with 115% of norma rainfall and Centra
Washington was the wettest with 152%. Of the 324 sub-
basin-months of precipitation 43 sub-basin-months, or
13%, had lessthan 75% of normal rainfall, while 54% had
more than 125% of normal rainfall, and 12% had more
than 200% of normal, with the maximum monthly precipi-
tation of 332% of normal observed in the Clearwater basin
of central Idaho.

The Columbia Basin average snowpack was signifi-
cantly greater than observed inthe last 10 years. The April
1 snowpacks was 137% of normal at the beginning of the
snowmelt season. Washington state generally had the
greatest snowpack with the Y akima basin peaking at 215%
of normal. Most of the snowpacks melted at a moderate
rate and produce no over bank flows.

The streamflows produced by the heavy rains and
abundant snowpacks produced some new record runoff
volumes, but few new instantaneous peak flows. The new
records were associated with the storms and floods of
November, January, February, and March plus the wet
summer months of August and September.

Three winter and one summer flood events occurred
this year. The first winter flood was in November and
resulted in anew record peak stage on Johnson Creek near
Milwaukie although much of northwestern Oregon was
inundated by this short but intense storm. The second
event occurred after New Years Day, effecting northern
Oregon, southern Washington, and central Idaho. Al-
though flooding was common over much of the region west
of the Cascades New peak flow records were set in the
Weiser Basin in central I1daho and Hangman Creek near
Spokane, Washington. The March event centered mainly
in southwestern Washington and set new peak flow records
onthe Nasdle, Satsop, Skokomish, and Cedar rivers. The
affects of this storm were also felt near Spokane where the
Little Spokane River broke its previous record peak flood
stage by 1.5 ft.

The well above norma basin-wide snowpacks
presented a potential for major flooding in the Columbia
Basin, if spring and summer temperatures were to be above
normal for an extended period. However, temperatures
remained cool for the most part so the snowmelt was
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orderly and extended, presenting a long runoff by with few
significant flood peaks. The exception was in the upper
Snake Basin where a brief hot spell in June produced
flooding from the |daho-Wyoming border to central Idaho.

Good runoff volume forecasting proved to be a
benefit in the reservoir operation. Most flood control
reservoirs were effectively drafted to store the impending
runoff. The observed January-July runoff volume was
159.0 maf, 150% of normal, exceeding the record years of
1972 and 1974.

The operation of flood control reservoirs was as
expected for the volume of runoff. From April 7 through
August 31 storagein Grand Coulee, Libby, Hungry Horse,
and Dworshak was used to augment flows at McNary and
Lower Granite, in accordance with National Marine
Fisheries Service' s Biological Opinion for mesting target
flowsfor salmon out-migration. Libby flow augmentation
was also made for sturgeon spawning in the Kootenai River
near Bonners Ferry, Idaho. Albeni Fallsisin athree year
study of an higher minimum winter pool €elevation to
evauate this operations effects on resident fish spawning.
Dworshak drawdown began in July to get to the reservoir
surface down to the 1500-foot level for grouting of cracks
in the structure.

The high volume of runoff, together with lower than
expected power demands, due to warmer temperaturesin
the southwest, provided more water to be spilled in addi-
tion to that requested by the fisheries agenciesto maintain
an in-river migration of juvenile salmon from their spawn-
ing areasto the ocean. Totd dissolved gas values exceeded
120% for up to 68 days on the lower Snake River and for
71 days on the lower Columbia River. Peak TDG levels
were in excess of 130%.

This year's hatchery releases were 10 million less
than normal and 13 million less than last year. Juveniles
collected were 19% greater than in 1996 but due to the
BiOp 131% more were returned to the river for instream
migration. Total fish transported this year was approxi-
mately the same at 1996 and 60% of the 1995.

Most returning adust salmon species showed in-
creases over the previous year's counts, with only fall
chinook and stedhead counts were lower at Ice Harbor and
McNary. Counts of returning spring chinook doubled from
1996 at Bonneville, tripled their return at McNary, and
increased by five-fold at Ice Harbor while coho and
sockeye both increased at |ce Harbor.
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. INTRODUCTION

A. PURPOSE

This document reports on the operation of reservoirs
and associated water management activities in the Colum-
bia River Basin and the Pacific Northwest during Water
Y ear 1997 (October 1996 through September 1997). Itis
prepared by the Columbia River Water Management Group
(CRWMG@G), an interagency coordination group composed
of representatives from federal and state agencies in the
Pacific Northwest. (See inside the front cover for the
charter and inside the back cover for agency representa-
tives). Because the management of the ColumbiaRiver is
a multi-faceted effort involving the resources of severa
agencies and the support of many others, this report
reflects the collective input of as many as 15 different
agencies. The 1997 report representsthe 27" "Blue Book™
published since the CRWMG initiated publication of the
report in 1971. (Smaller reports were made for 15 years
proceeding the 1971 report.) The history of the CRWMG
and its predecessor organization, the Columbia Basin
Interagency Committee (CBIAC), is contained in Chap-
ter V.

This report is a record of the activities surrounding
the regulation of the major reservoirs in the Columbia
Basin and other river drainages in the Northwest. It in-
cludes adescription of the weather, the forecasts of runoff,
project operation data, plots and descriptions of reservoir
regulation, and summary statistics on the accomplishments
associated with the system operations. In addition, this
report contains a brief summary of Group meetings and
planning and regulatory activities undertaken during the
water year by state and federal members of the CRWMG.

This report contains nine chapters and four appendi-
ces. They describethe weather and hydrology (Chapter 1),
reservoir operation (Chapter I11), flood control events,
power generation, fisheries management, and other water
resource related activities (Chapters IV to VIII), and a

chapter (IX) with acknowledgments. Appendices A, B, and
C contain static information on definitions, abbreviations,
and pertinent data on the magjor dams, powerhouses, and
reservoirsinthe Northwest. Appendix D contains graphic
displays of the annual weather, project operation, and
streamflow.

B. BASIN DESCRIPTION

This report discusses the water resources of the
Pacific Northwest, which includes those in the Columbia
River basin and its tributaries, plus the coastal streams of
Washington and Oregon (Figure 1). It includes all the state
of Washington, most of Oregon and ldaho, western
Montana, southeastern British Columbia, and portions of
Wyoming, Nevada. Utah, and California. The Columbia
Basinitsalf covers 670,800 sq km (259,000 sg mi) and the
coastal drainages of Oregon and Washington, including
Puget Sound, cover 96,089 sq km (37,100 sg mi), for a
total area of 766,900 sq km (296,100 sg mi).

The dominate physiographic features of the North-
west are the Pacific Ocean, the mountain ranges and the
Columbia River Basin. The Pecific Ocean affects the
region because it is the source of al moisture entering the
region. Thelandmassistraversed by three major mountain
ranges, the Coast Range, the Cascade Range, and the
Rocky Mountains, crossing the region in aroughly north-
south direction. Asstormsare driven across the Northwest
by the prevailing westerly winds, the mountains force the
removal of moisture from the airmass, asindicated by the
higher rainfall west of the mountains than in east-side
valleys. The Coast Range (excluding the Olympic Moun-
tains), with afew peaks that extend over 915 m (3000 ft),
generaly lie within 30 km (20 mi) of the Pacific Ocean.
The Olympic Mountains also lie adjacent to the Pacific
Ocean, but have a different geological history, have peaks
over 2130 m (7000 ft). The 100 km (62 mi) wide Puget



Sound/Willamette Valley trench, which extends from
British Columbia to southern Oregon, separates the
Coasta/Olympic and Cascade mountain ranges. The
Cascades, avolcanic range with several peaks over 3050 m
(10,000 ft), has an average crest elevation near 1830 m
(6000 ft). East of the Cascade Range is the Columbia
River Basin that drains the remainder of the Northwest. It
is bordered on the east by the Continental Divide and the
Rocky Mountains, on the south by the low divide into the
Great Basins of Utah and Nevada, and on the north by the
Monashee (a range within the Rockies) and Cascade
mountains in British Columbia.

The Columbia River isthe largest river in the Pacific
Northwest and, with alength of 1953 km (1214 mi), isthe
15th longest in North America. From its source at Colum-
bia Lake at an elevation of 809 m (2650 ft) in Canada's
Selkirk Mountains it first flows northwestward through
eastern British Columbia, then turns southward toward the
United States. It crosses the US-Canadian border north of
Spokane, Washington, then flows southward across central
Washington where it is joined by the Snake River, which
drains southeastern Washington, eastern Oregon and
southern Idaho. The Columbia then turns westward,
forming the border between Washington and Oregon, flows
through the Columbia River Gorge through the Cascade
Mountains and on to its mouth at the Pacific Ocean near
Astoria, Oregon.

The Columbiaranks sixth in North Americain terms
of runoff after the Mississippi, MacKenzie, St Lawrence,
Nelson, and Y ukon rivers and is ranked 32" among rivers
of the world in area drained. The major tributaries to the
Columbia are the Kootenai and Flathead/Pend Oreille
riverswhich drain southeastern British Columbia, western
M ontana, and northern |daho, the Snake River which drains
western Wyoming, most of Idaho, eastern Oregon and
southeastern Washington, and the Willamette River of
western Oregon (Figure 2). There ten large drainages in
the coastal basin of Washington, including Puget Sound
(Figure 3), and four on the Oregon coast (Figure 4).

The climate of the region ranges from continental arid
in parts of the Columbia Basin interior to alpine in the
Coast and Cascade mountains to maritime rainforest in
coastal areas. In parts of eastern Washington, eastern
Oregon, and the Snake River basin an average of lessthan
200 mm (8in.) of precipitation occurs annualy. In con-
trast, some the coastal mountain rain forests receive more
than 5100 mm (200 in.) of annual precipitation.

C. WATER RESOURCE DEVELOPMENT
Before the river systems of the Northwest were

developed, the water resources mainly provided habitat for
fish and wildlife, with people living along the shoreline to
use the available food sources and to use the rivers for
transportation. However, with the growth of both settle-
ment and industry, the rivers have been developed for
additional uses to meet the needs of the region: energy
production, water supply, recreation, and flood control.

The first navigation locks constructed in the region
were those on the Willamette River a Oregon City in 1873,
which dlowed navigation around the Willamette Falls, and
in 1876 on the Columbia River two miles upstream of the
present day location of Bonneville Dam, which alowed
navigation around the treacherous cascades. The
Willamette Locks are still in operation while the Cascade
Locks were no longer needed when the construction of
Bonneville Dam and Locks provided dack-water naviga
tion up to The Ddles, Oregon. Thelock walls, without the
gates, can still be seen in the park at Cascades Locks,
Oregon.

Hydrod ectric development in the Northwest began in
the late 1880's when electric "dynamos', now called
generators, were installed on the Spokane River in Spo-
kane, on the Willamette River at Oregon City, and on the
Snoquamie River at Snoqualmie Falls, east of Sedttle.
Harnessing the energy of the mainstem Columbia River did
not begin until the Chelan County PUD #1 completed the
congtruction of Rock 1sand Dam near Wenatcheein 1932,
followed closaly by the construction of Grand Coulee and
Bonneville dams in the late 1930's. Bonneville was
constructed with state-of-the-art fish ladders to assist the
passage of returning salmon.

There were two other main periods of federal dam
congdructioninthebasin. Thefirst wasin the 1950's when
Hungry Horse, Chief Joseph, The Dalles, McNary, Albeni
Falls, and Ice Harbor dams were built, and the second was
in the mid-1970'swhen the ColumbiaRiver Treaty projects
(Libby, Mica, Duncan, and Keenleyside), Dworshak, and
three lower Snake projects (Lower Granite, Little Goose,
Lower Monumental) were built. Most of the construction
of public utility and privately owned dams was also during
these periods.

The river resource development responded to the
region's population that had grown from approximately 2.8
million in 1933 to more than eight million today. Storage
projects on the Columbia and lower Snake basins contain
more than 53 hillion cubic meters (43 million af) of usable
flood control space and were authorized primarily for flood
control, hydroelectric energy generation, irrigation, and
navigation. Other usesinclude fish and wildlife enhance-
ment, recreation, low-flow augmentation, and both munici-



pa and industrial water supply. Figure 5 is a schematic
drawing of the interrelationship of the operation of the
projectsin the Northwest. It also includes some of the key
streamgages whose data are used in regulating the many
reservoirsin the region.

D. TYPESOF RESERVOIR PROJECTS

Many so-caled "reservoir" projects are actually "run-
of-river," or "pondage’ projects that have little or no
storage capacity in comparison to their streamflow. Since
these projects cannot store streamflow they generate
electric energy with the water as it flows past the project.
Bonneville, The Dalles, and McNary on the lower Colum-
bia, the projects on the mid-Columbia (Priest Rapids to
Chief Joseph), and Ice Harbor to Lower Granite on the
lower Snake River are examples of pondage projects.

Some projects are designed specifically for daily
reregulating of outflows from an upstream project. Big
Cliff and Dexter Reservoirs in the Willamette Basin are
examples of this type of reservoir, because they regulate
and smaooth out the peaking discharges caused by fluctua-
tions in power generation at Detroit and Lookout Point
dams, respectively, while their own outflows remain
relatively constant.

A true storage reservoir is one that generaly fills and
drafts on an annua cycle. Some are "annual" storage
reservoirs which are drafted to the minimum conservation
pool and yet refill every year. Foster, Pend Oreille Lake,
and Kootenay Lake are examples of annual reservoirs.
Other storage reservoirs are "cyclic" because they may not
refill each year. The amount of drawdown of cyclic reser-
voirs is based on volume inflow forecasts. Dworshak,
Libby, Hungry Horse, Mica, Keenleyside, and Duncan
dams are examples of cyclic reservairs.

Another feature of storage reservoirsisthe existence
of at-site power generating facilities. Arrow and Duncan
dams, for example, do not have at-site generation but yet
have significant power benefits because water released
from them can be timed to passes through many power-

houses downstream at times of peak power demands.

E. ANNUAL REGULATION CYCLE

There are two different regulation cycles for storage
reservoirs in the Northwest. In the Northwest interior,
where springtime snowmedt is the main source of river
flows in the Columbia River, water is released from
reservoirs during the cold winter period to generate el ectric-
ity to meet the higher power demands and to prepare the
reservoirs to store the snowmelt of the next spring and
summer. |In years with large snowfals, flood control
requirements may require additional drafting before
snowmelt begins. The reservoirs are then filled during the
snowmelt period, April through August, retaining the
stored water for the next cycle and achieving flood control
objectives in the process. After filling, the reservoirs
generally remain as full as possible until the end of the
summer recreation season, then they are lowered again to
repeat the cycle of power generation and drafting for the
next summer’ s flood control.

West of the Cascade Mountains, where much of the
winter precipitation falls as rain, the regulation is quite
different. During the late summer and fall, reservoirs are
lowered (drafted) to provide flood control space for
possible winter rain-produced floods. Winter drafting of
reservoir below set flood control limits, even for eectric
power generation, may reduce the chances of spring refill
for summer use as flow augmentation and recreation.  If
winter flood control operation is required, the stored water
is released as soon as possible after the flood to regain
storage space for controlling subsequent floods. Most of
the reservoirswest of the Cascades begin seasonal refilling
during February in proportion to the decreasing magnitude
and possihility of flooding. This operation continues until
the reservairs finaly reach their maximum level which is
normdly during late May. The reservoirsare usually held
asfull as possible during the summer for recreational use,
although some downstream water uses may require some
reservoir drafting. Drawdown must begin in the fall so that
by November or early December there is sufficient storage
space for winter flood control.
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Figure2. WILLAMETTE RIVER BASIN MAP




Figure3. WESTERN WASHINGTON MAP
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Figure4. SOUTHERN OREGON COASTAL BASINSMAP
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II. HYDROMETEOROLOGY

A. OBSERVATIONS

With the Pacific Northwest’'s highly diverse
hydrologic conditions, both aredly and seasonally,
information on weather, snowpacks, and streamflows
played apivotal role in the effective operation of the dams
and reservoirs to meet the needs of the region’s people,
industry, and natural resources. This chapter summarizes
these conditions, first generally in describing the overall
conditions throughout the year and then some unique
conditionsthat had a pronounced effect on the region. The
chapter concludes with summaries of forecasts and peak
streamflow conditions.

1. Meteorology
Water Year 97 was preceded by a pleasant summer

across the Columbia Basin the result of an upper
atmosphere pressure ridge along the west coast that
dominated the weather patterns. Thiswarm and generally
dry weather gradually faded away as the ridge gave way to
occasiona minor weather disturbances which brought
scattered showers to the region. This weather pattern
continued until mid-October when alow pressure system
stalled in the Gulf of Alaska, sending a series of storms
into the Northwest, and beginning the snow accumulation
season.  Seasona weather continued through mid-
November when the first major storm of the water year
moved through the Northwest. During November 18-19,
a strong and very wet airmass tracked through the region
producing two-day total rainfall amounts of between 10
and 14 inches at afew sites in southwestern Oregon, more
than 6 inches covered large sections of western Oregon and
the southern Cascades, and more than 2 inches across much
of northern Idaho, northern and western Oregon, and
southwestern Washington. As the rainfall slackened
during the days following the storm peak, the moist
airmass began mixing with significantly cooler Arctic air
that had infiltrated the basin, resulting in some heavy
snowfall at middle and upper eevations in the mountain
and scattered ice pellets and freezing rain in northeastern
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Washington and northern Idaho. Moderate but steady
precipitation continued until Christmas when heavy rainfall
again visited the region as a weather pattern, with its
moisture source in the central equatorial Pacific, sent a
series of warm and wet storm systemsinto the Northwest
that lasted through New Years Day. The warm and wet
winds of this Pineapple Express reacted with the heavy
snowpack to generate a pronounced snowmelt, mostly from
low devation snowpacks, which, together with the rainfall,
produced widespread flooding in Washington, Oregon, and
Idaho. Light to moderate precipitation returned in early
January and continued intermittently through March.

On April 1, the snowmelt season began with little
low devation snow; the snowpack that existed prior to the
New Y ears floods was never fully replaced in the western
drainages. During April the region near the Continental
Divide suffered from very cold weather as a 'Y ukon airmass
swept into western Montana where it collided with marine
air to produce record snowfal at both Missoula and
Kalispell. Other parts of the Northwest continued to be
subjected to scattered showers for the rest of the month
which continuing into early May. Late April weather was
accented by two unusual storms:. the remnants of typhoon
Esa and the remnants of tropical storm Jimmy, which
produced record daily rainfall at many stations. By May 8,
a strong high pressure ridge developed, drawing warm air
into the region, resulting in rapid snowmelt and flooding in
the Clark Fork, Yaak, Fisher, Pend Orellle, Spokane,
Tonasket, Yakima and Snake basins. By the last week of
the month the high pressure system was replaced by
westerly flow that produced rain showers throughout the
basin. June saw a continuation of the unsettled weather
except for awarm spell in the upper Snake basin which
produced mgjor snowmet-driven flooding near mid-month.
During early July, a deep, persistent, and unseasonable
upper amospheric low pressure system established itself in
the Gulf of Alaskawhich set up a west-southwesterly flow



Tablel

MONTHLY PRECIPITATION TOTALSBY SUB-BASIN -- WY 97
(With Percentages of Normal)

SUB-BASINS UNITS OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
Columbia ab Grand Coulee in. 248  3.69 4.95 3.23 144 315 172 2.16 272 242 129 277
% 140 135 160 107 69 176 108 102 116 151 77 161

SnakeR ab Ice Harbor in. 124 252 5.29 3.26 0.90 143 180 141 1.69 1.89 098 131
% 104 130 261 156 58 89 126 82 105 233 102 113
Columbia ab The Dalles in. 214 3.53 5.88 3.68 152 2.89 195 1.76 2.03 2.08 099 210
% 130 129 195 124 72 153 122 96 112 191 80 150
Columbia ab Castlegar in. 3.35 3.68 4.88 5.02 2.23 4.19 2.02 2.02 3.26 4.34 164 488
% 123 101 113 119 76 180 105 93 118 177 69 204
K ootenai in. 2.78 4.23 5.57 3.27 101 3.86 171 211 2.67 211 096 344
% 159 146 172 107 50 226 106 103 112 125 58 197
Clark Fork in. 0.97 274 5.23 221 1.07 1.60 151 2.18 2.49 181 100 113
% 88 170 284 108 80 123 122 112 128 174 76 87
Flathead in. 2.36 3.99 5.47 244 1.80 3.03 1.60 2.69 311 127 184 224
% 148 171 220 97 98 180 102 112 118 89 117 125
Pend Oreille-Spokane in. 4.05 5.48 7.25 3.72 3.00 4.34 3.07 261 1.99 2.26 094 226
% 196 139 181 93 101 159 144 117 98 222 70 145
Northeast Washington in. 2.56 3.16 3.98 2.48 117 2.17 174 271 251 1.76 102 267
% 223 138 161 133 7 144 129 146 147 164 84 290
Okanogan in. 1.66 2.17 351 1.86 0.74 121 0.96 172 2.57 211 0.67 264
% 187 139 168 106 59 117 97 133 187 209 58 264
E Slope Wash Cascades in. 4.75 7.08 13.00 843 3.62 8.85 2.93 1.37 1.65 1.16 063 321
% 178 119 183 120 78 260 139 94 135 176 65 221
Central Washington in. 1.36 174 3.67 142 0.73 1.05 0.69 0.68 0.65 0.50 0.30 0.60
% 247 140 266 139 92 138 110 98 116 171 72 135
Upper Snake in. 115 2.67 5.97 3.78 1.63 1.87 1.85 270 2.33 2.66 188 1.87
% 79 132 284 164 93 115 115 124 116 208 137 115
Snake River Plain in. 0.72 152 3.34 1.99 0.21 0.55 1.10 0.90 147 1.00 0.72 139
% 89 128 309 185 25 54 107 68 133 169 102 164
Owyhee-Malheur in. 0.89 1.26 341 277 0.20 0.44 124 0.92 125 0.94 020 0.60
% 116 93 257 227 21 41 136 78 112 199 32 94
Salmon-Boise-Payette in. 151 3.29 7.68 3.96 0.93 1.38 1.86 0.94 1.65 155 095 123
% 114 131 289 145 48 72 123 60 106 224 113 107
Burnt-Grande Ronde in. 144 2.58 4.45 2.22 0.77 1.00 211 0.97 125 197 033 0.89
% 131 134 221 114 57 71 171 65 88 298 36 97
Clearwater in. 2.88 4.32 7.23 5.09 2.86 4.80 4.42 2.19 1.99 3.72 126 242
% 133 132 200 130 100 162 169 78 80 332 95 129
Southeast Washington in. 2.63 3.61 5.33 270 164 2.37 245 1.65 0.91 121 023 0.97
% 204 170 191 171 157 152 154 149 143 145 140 138
Upper John Day in. 131 241 3.57 2.24 0.62 0.81 1.88 0.75 124 174 011 0.79
% 125 128 189 134 51 60 161 52 97 280 13 99
Umatilla-Lwr John Day in. 1.82 3.50 3.45 1.85 1.30 2.17 231 0.87 1.65 0.86 022 100
% 160 162 165 94 88 141 163 66 153 187 31 123
Upr Deschutes-Crooked in. 0.99 3.78 5.68 242 0.86 0.65 142 0.65 127 1.16 051 1.00
% 102 172 248 115 60 49 165 70 137 226 76 156
Hood-L ower Deschutes in. 3.50 758 1047 5.03 2.36 3.67 2.90 1.09 127 0.59 083 135
% 180 174 215 109 73 133 147 76 115 144 109 109
NW Slope Wash Cascades in. 1222 1403 1669 1634 957 1888 824 4.87 6.31 3.81 137 764
% 166 113 129 122 98 220 133 109 184 193 57 175
SW Slope Wash Cascades in. 936 1229 20.08 1289 694 1370 6.93 4.29 4.18 194 212 591
% 173 119 183 116 85 195 139 123 147 153 114 183
Willamette in. 813 1413 2127 1054 4.69 0.88 5.92 3.19 272 0.97 150 3.99
% 193 153 222 118 69 153 138 102 133 131 125 175
Rogue-Umpqua in. 4.47 799 1676 7.04 2.63 3.47 3.15 1.62 2.13 0.22 125 204
% 167 130 276 132 64 86 130 96 239 62 165 166
Klamath in. 1.49 3.37 8.56 4.10 1.37 0.96 1.83 0.59 118 0.80 085 117
% 109 122 282 158 73 50 181 60 138 199 129 167
L ake County-Goose Lk in. 0.94 1.79 3.15 2.90 114 0.46 1.27 0.71 101 0.71 015 054
% 98 113 192 200 110 39 128 59 87 166 24 87
Harney Basin in. 0.86 155 2.87 261 0.41 0.34 2.04 1.60 0.86 0.93 0.27 0.49

% 98 102 184 207 42 29 240 143 88 207 39 73
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Table 2

ACCUMULATED MONTHLY PRECIPITATION TOTALSBY SUB-BASINS-- WY 97
(With Percentages of Normal)

SUB-BASINS UNITS OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
Columbia abv Grand Coulee  in. 248 617 1112 1435 1579 1894 2066 22.82 2554 27.96 29.25 32.02
% 140 137 146 135 124 130 128 125 124 126 122 125
Snake abv | ce Harbor in. 124 376 905 1231 1321 1464 1644 17.84 1953 2142 2240 2371
% 104 120 175 170 150 141 139 132 129 134 132 131
Columbia abv The Dalles in. 214 566 1154 1522 1675 1963 2158 2334 2536 27.44 2843 3053
% 130 130 156 147 135 137 135 131 130 133 130 131
Columbia abv Castlegar in. 335 702 1191 1692 1915 2335 2537 27.39 30.65 34.99 36.63 4151
% 123 110 111 114 107 116 115 113 113 119 115 121
K ootenai in. 278 700 1257 1584 1685 2071 2242 2453 2720 2931 3027 33.70
% 159 151 160 145 130 141 138 134 131 131 126 131
Clark Fork in. 097 371 894 1115 1221 1381 1532 1750 2000 2181 2281 2394
% 83 137 196 169 154 150 147 141 139 142 136 133
Flathead in. 236 635 11.83 1427 1607 1910 2069 2338 2650 27.77 29.61 31.85
% 148 162 184 160 149 154 148 142 139 136 134 134
Pend Oreille-Spokane in. 405 953 1678 2050 2350 27.84 3092 3353 3552 37.78 38.72 40.98
% 196 159 168 146 138 141 141 139 136 139 136 136
Northeast Washington in. 256 572 970 1218 1335 1552 1726 19.97 2248 2424 2526 27.92
% 223 167 164 157 144 144 142 143 143 145 140 148
Okanogan in. 166 384 734 920 994 1116 1211 1384 1641 1852 1919 21.83
% 187 156 161 146 132 130 126 127 134 139 133 141
E Slope Wash Cascades in. 475 1182 2482 3325 3687 4572 4865 5002 5167 5283 5345 56.66
% 178 137 158 146 135 148 148 146 145 146 144 147
Central Washington in. 136 310 677 819 892 997 1067 1134 1199 1249 1279 13.38
% 247 173 214 19 179 173 167 160 157 158 153 152
Upper Snake in. 115 382 979 1358 1520 17.07 1893 2162 2395 2661 2849 30.36
% 79 109 175 172 158 151 147 144 140 145 145 142
Snake River Plain in. 072 225 559 758 779 835 945 1035 1183 1282 1355 14.94
% 89 112 181 182 155 138 134 123 124 127 125 128
Owyhee-Malheur in. 089 215 557 833 853 897 1021 1113 1238 1332 1351 1412
% 116 101 161 178 152 134 134 127 125 129 123 122
Salmon-Boise-Payette in. 151 480 1247 1643 1736 1873 2059 2153 2318 2473 2568 2691
% 114 125 192 178 155 143 141 133 131 134 133 132
Burnt Grande Ronde in 144 402 847 1069 1146 1246 1456 1553 1678 1875 19.07 19.97
% 131 133 168 153 137 128 133 125 121 129 124 122
Clearwater in. 288 719 1443 1951 2237 2717 3160 3379 3577 3949 40.75 43.17
% 133 132 159 150 141 144 148 140 134 142 140 139
Southeast Washington in. 263 624 1157 1428 1592 1829 2075 2239 2330 2451 2474 2571
% 204 170 191 171 157 152 154 149 143 145 140 138
Upper John Day in. 131 373 730 954 1016 1096 1285 13.60 1484 1657 16.69 17.48
% 125 127 151 147 132 121 126 117 115 122 116 115
Umatilla-Lower John Day in. 182 532 877 1062 1192 1408 1639 1726 1891 1977 19.99 20.98
% 160 161 163 144 135 136 139 132 133 135 130 130
Upper Deschutes-Crooked . 099 477 1044 1286 1372 1437 1579 1644 17.71 1887 19.38 20.39
% 102 150 191 170 152 139 141 136 136 139 136 137
Hood-L ower Deschutes in. 350 11.08 2154 2658 2894 3261 3551 3660 37.87 3846 39.29 40.63
% 180 176 193 168 152 150 149 145 144 144 143 142
NW Slope Wash Cascades . 1222 2625 4294 5929 6885 8773 9597 10084 107.15 110.96 112.34 119.98
% 166 133 131 128 123 136 136 134 136 138 135 137
SW Slope Wash Cascades in. 936 2165 4173 5462 6156 7526 8219 8648 90.66 92.60 94.72 100.63
% 173 138 156 145 134 142 142 141 141 141 14 142
Willamette in. 813 2226 4353 5408 5876 6865 7457 7775 8047 8144 8294 86.93
% 193 165 189 169 151 152 151 148 147 147 146 148
Rogue-Umpgua in. 447 1246 2922 3627 3890 4237 4551 4713 4926 4949 50.74 52.78
% 167 141 196 179 160 149 148 145 147 147 147 148
K lamath in. 149 486 1343 1753 1890 1986 21.69 2228 2346 2426 2512 26.29
% 100 118 187 179 162 146 149 143 143 144 144 145
Lake County-Goose L ake in. 094 273 58 878 992 1038 11.65 1237 1338 1409 1424 1477
% 08 107 141 156 149 133 132 123 120 121 116 115
Harney Basin in. 086 241 528 7.89 830 864 1068 1228 1314 1407 1434 1483
% 08 100 133 151 134 117 130 132 128 131 125 122
11
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into the Northwest, producing not only heavy westside
rainfall and new daily records at Astoria and Seattle, but
also unusua summer flooding in the Skagit Basin of
northern Puget Sound. By mid-July summer finally arrived
when a broad pressure ridge established itself over the
Northwest producing dry weather and moderate tempera-
tures over much of the region. August was warm and dry
except for the 20" and 21% when the remnants of eastern
Pacific hurricane Ignacio moved northward along the
coastline from California and drenched the coastal basins
of Washington and Oregon with up to two inches of
rainfall. September was warm and very wet, with Astoria
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setting anew monthly rainfall record and Eugene being the
third wettest on record. An unseasonable low pressure
system established itsdlf near the Aleutians, sending warm
moist air into the northwest. With only abrief respite near
the 12" showers and unstable weather continued through
the end of thewater year. After mid-month the remnant of
yet another hurricane, Linda, brought heavy rains to the
westside basins and unstable weather conditions which
produced showers and funnel clouds in the region.

The water year ended as one on the wettest on record
with new annual precipitation records set at Portland,
Astoria, Salem, and Eugene plus many other sites basin-



wide. Virtualy all of Washington, plus western Oregon,
had in excess of 140% of its normal annual precipitation,
northern Idaho and western Montana had in excess of
130%, and from Oregon’s closed basin eastward to the
Continenta Divide, and eastern British Columbia had in
excess of 120% of normal precipitation. Annual precipita-
tion was 125% of normal for the Columbia Basin above
Grand Coulee, 132% for the Snake Basin above Ice
Harbor Dam, 131% for the Columbia Basin above The
Dadles, 147% for the Willamette Basin, and 136% for the
northwest slopes of the Washington Cascades.

2. Climatology
The 30-station average monthly basin temperature,

compared to the 1961-90 normal, varied from a low of
2.3°F below normal during November to a high of 2.6°F

above norma in May. The coldest average monthly
stations temperatures were in the Upper ColumbiaBasin
during November and December when station average
monthly temperatures were as low as 16.5°F and 14.4°F
below normdl, respectively. Thewarmest average monthly
stations temperatures were in the coastal basins during
December (5.8°F above normal) and during June in the
Upper Snake Basin (6.4°F above normal), triggering the
snowmelt season. May was dso the warmest month basin-
wide. June averaged only 1.9°F above normal in the
Upper Snake and still produced record floods. The
remainder of the Columbia Basin remained at or below
norma temperatures and had adow steady runoff from the
abundant snowpack.

Table 1 shows how monthly precipitation varied, in
each sub-basin. Table 2 shows how the precipitation
accumulated during the year. Figure 6 shows a geograph-
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ical distribution of the year’s precipitation as a percent of
normal.

The cumulative precipitation indicesin the four major
basins of the Columbia drainage, Figure 7, showsthefall
and summer precipitetion affecting the annual precipitation
totals. Figure 8, the history of these indices for WY 77-97,
show that in the Columbia Basin the last years have been
significantly above normd, and in the Willamette Basin the
last two years with their major rain-produced floods have
been well above normal.

3. Snowpack
The Columbia Basin average snowpack was, generally,

significantly greater than what had been the case for more
than ten years and well above normal (Figure 9).

On January 1 the snowpack, with every sub-basin
reporting over 100% of normal snow water content,
averaged 170% of normal, breaking a 30-year record by
exceeding the previous snowpack record maximum by
seven percentage points. The sub-basins which generally
contribute 71% of the runoff of the Columbia River at The
Dalles have snowpack greeter than 180% of normal, and of
these, the sub-basins which generally contribute 18% of the
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runoff at The Dalles have snowpacks over 200%. Prior to
1995, the last year with every sub-basin over 100% was
1985, the year with the highest snowpack in the past 30
years was 1965, which had similar percentages in most
sub-basins, but had lessin the mgjor contributing basins
of the Kootenai, Pend Oreille, and Clearwater. The
Canadian snowpack, at 106%, was the lowest percentage
inthe ColumbiaBasin, dthough only 10 sitesin the Upper
Columbia were available prior to February 1, when afull
complement of Canadian snow measurements typically
begin. The overal snowpack index (SPI), the average
basin snow water content expressed as a percentage of the
30-year normal April 1 average basin snow water content
(typically 44%), was 75% on January 1.

By February 1, severa sub-basin’s snowpacks had
decreased on the order of 35% from last month's readings,
including the Pend Orellle, North Cascades, Snake Head-
waters, Boise, and Clearwater. All sub-basins, however,
remained well above norma with the Pend Oreille at 160%
and the Snake Headwaters at 186%. While the snowpacks
in the United States were decreasing in percentage of
normal, the Upper Columbiain Canada
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Figure9. COLUMBIA BASIN AVERAGE SNOWPACK

gained 13% to 119% of normal by February 1. Thes
snowpacks were still the lowest in the basin, with the nex
lowest, being the small mid-Columbia drainagesin nortt
eastern Oregon and southeastern Washington, which wer
120% of their norma snowpack. The best in the basin we
the Lower Snake (upstream of the Clearwater) at 210% an
the Yakima at 204%, which were the only sub-basin
remaining above 200%. Although January had hig
streamflows across the basin, many lower €elevation
drainages were not affected by the New Y ear’s Day storr
and kept their snowpack, including Camas Creek in centre
Idaho and the Owyhee River in southeastern Oregor
Overall, the Columbia SPI was 101%, equaling the previ
ous maximum from 1972.

Large decreases in snowpack percentages, 15%-30%
occurred al across the Columbia Basin during February
yet on March 1, all sub-basins remain above 100%, an
severa that contribute most significantly to the flow at Th
Dalles remain well above normal, including the Pen
Oreille at 145%, Spokane at 146%, Clearwater at 147%
and Salmon a 146%. Thisisthe first year since 1982 the
all sub-basins have been over 100% on March 1. Mear
while the Canadian snowpacks remained relative low at jus
above normal, which prevents the overall Columbi
snowpack from approaching the record levels of 1972, &
it had on January 1 and February 1. Oregon’s John Da
Basin had the lowest snowpack in the basin with 1039
while afew miles north Washington's
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Y akima Basin was the highest in the basin, with 178%,
down 26% from February 1. The Idaho snowpack re-
mained well above normal al season with the Boise
drainage at 147%, followed by 165% to 175% in the Big
Wood, Little Wood, Big Lost, and Henrys Fork. South of
the Snake River near record snowpacks remained which
were similar to 1984 when Oakley and Samon Falls
reservoirs received high snowmelt runoff and filled quickly
requiring emergency action to prevent overfilling. The
overal Columbia Basin SPI above The Dalles this month
was 114% of its normal April peak in April and 133% of
normal for March 1.

Snowpacksin the northern half of the ColumbiaBasin
increased during March while those to the south decreased,
resulting in April 1 snowpacksin the Clearwater increasing
by 4% to 151%, the Salmon decreasing 8% to 138%, and
the Canadian snowpack and the US Northern Cascades
both increasing 11%, the largest increases during the
month. Washington, in general, had the highest snowpack,
with the Yakima at 177% on normal and the North Cas-
cades at 152% while the Boise-Payette area and the Snake
Headwater snowpacks both decreased 10% to 15%, but
remained well above norma with 130% and 149%,
respectively. The lower elevation snowpacks, including
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Figure 11. SNOW WATER CONTENT AT KEY SITES

Camas Creek and the Owyhee, started melting at a moder-
ate pace during the month. Declines in the snowpack
percentage across the region were small enough to leave the
overal snowpack still well above normal at 137%. This
was the third highest April snowpack since 1960, with
1972 and 1974 being higher with the 1967 snowpack being
similar but dightly lower. March snowmdt in the low
€levation John Day Basin reduced the April 1 snowpack to
below normal with a decrease of 36% to 67% of normal
and the Deschutes the second lowest at 107%. The April
1 ColumbiaBasin SPI was 137% (Figure 10).

Even aswarmer April weather infiltrated the basin and
the snowmelt areagradually expanded from lower elevation
basins to include those at higher elevations. By May 1 a
number of sites had not yet recorded their maxima
snowpacks for the year. In typical fashion for above
normal snowpacks, the decreases in the water content and
SPI were dower than for normal snowpacks because of the
greater volume of snow to ripen and saturate, ie, with a
greater amount of snow a greater amount of heat energy
was need to mdt it. While the Canadian snowpacks
remained constant throughout April at 117%, every other
sub-basin of the Columbiaincreased
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OREGON SURFACE WATER SUPPLY INDEX (SWSl)
on first of month, by divisions

Table 3

Basin OCT | NOV | DEC | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG SEP
N Coast 1.0 0.9 13 15 16 0.9 0.5 0.5 -0.3 0.3 11 14
S Coast 12 0.9 12 17 18 15 11 0.8 0.2 0.1 0.7 0.8
Willamette 0.7 04 0.6 11 14 18 20 18 12 13 20 17
Rogue/lUmpqua 3.0 2.6 2.5 2.4 2.3 1.9 1.6 1.6 1.4 1.8 2.5 3.0
Upper Deschutes 17 15 20 24 2.6 25 23 22 18 19 24 2.8
Lower Deschutes -0.2 0.0 0.7 14 18 21 21 24 22 24 2.8 2.6
Upper John Day -01 -01 0.5 14 21 23 17 18 1.0 0.6 12 11
Lower John Day 0.6 0.8 14 19 20 19 16 13 0.6 04 0.6 0.5
Owyhee 0.5 -0.0 0.2 0.5 11 12 16 20 18 15 16 16
Malheur 0.6 0.2 0.5 1.3 1.8 21 1.9 1.8 14 0.8 0.8 1.0
GR/ Powder/Burnt 0.0 0.1 04 0.9 16 20 20 24 20 16 18 15
Harney 0.2 -0.3 -0.6 0.2 1.0 0.9 0.6 0.7 0.1 -0.8 -0.2 0.1
Lake County 11 0.9 0.5 0.8 15 18 14 18 0.8 0.1 0.1 0.1
Klamath -05 -0.9 -0.8 0.2 11 15 14 18 0.9 0.3 0.1 0.2
Note: A SWSI value of 0.0 represents normal water supply; -4.1 indicates extreme drought; +4.1 indicates very wet conditions
Table4
STREAMFLOWSASPERCENT OF MONTHLY NORMAL
RIVER STATION OCT | NOV | DEC | JAN | FEB | MAR | APR | MAY ] JUN | JUL | AUG | SEP
JOHN DAY Service Creek 101 144 313 316 189 157 147 111 73 90 104 132
WILSON Tillamook 168 101 177 110 85 173 110 91 94 96 70| 336
UMPQUA Elkton 163 205 302 134 101 106 92 95 89 125 125| 146
COLUMBIA The Dalles® 101 98 121 193 152 164 107 165 141 131 114] 138
WILLAMETTE |Salem? 188 216 244 140 108 153 113 102 98 141 146] 162
CHEHALIS Grand Mound 128 100 179 158 102 190 126 145 180 180 152 212
SKYKOMISH Gold Bar 176 116 65 152 120 207 146 167 145 172 113 177
SPOKANE Spokane * 114 101 106 221 122 163 149 189 160 186 170 155
SNAKE Heise® 107 119 132 147 96 150 141 200 186 127 151 124
SNAKE Weiser 82 91 123 229 226 199 158 150 210 154 144 141
SALMON White Bird 96 133 138 248 129 154 164 188 145 119 137 122
CLEARWATER |Spalding* 85 89 87 193 153 170 153 176 143 168 162| 138
CLARK FORK | St Regis 88 88 89 143 101 148 152 211 168 143 133] 107
MF FLATHEAD |W Glacier 92 60 73 144 89 138 96 334 134 113 122 113

! Adjusted for upstream storage.  Bold numbers are outside the “normal” range of 80% to 120%.
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Table5

MEAN ANNUAL DISCHARGES

ANNUAL JAN-JUL APR-JUL APR-SEP
RIVER STATION

DISCH! | %2 | DISCH! | %2 | DISCH! | %2 [ DISCH! | %2
Columbia R bl Mica* 2248 | 110 | 2573 | 111 | 3890 | 110 | 4137 | 111
Columbia R bl Arrow* 4825 | 114 | 5805 | 116 | 8085 | 117 | 9271 | 115
Kootenay R at Ft Steele 590 | 95 784 9% | 1000 9| 1265| 9%
Kootenai R bl Libby* 1382 | 121 | 1916 | 126| 2300| 125 2094 | 123
Duncan R bl Duncan* 422 | 117 504 | 116 7.36 | 118 8.20 | 119
Kootenay R at Corra Linn* 3699 | 132 | 5216| 137 | 6110| 134 | 7988 | 133
ColumbiaR at Birchbank* 89.60 | 123 | 11743 | 127 | 15048 | 127 | 18402 | 125
Clark Fork ab Missoula 466 | 148 6.77 | 159 742 | 164 | 1010 | 160
Clark Fork at St Regis 1172 | 156 | 1752 | 168 | 19012 | 174| 2656 | 169
MF Flathead R nr W Glacier 369 | 127 562 | 133 650 | 133 9.02 | 132
SF Flathead R nr Columbia Falls* 505 | 139 7.83 | 145 884 | 148 | 1251 | 147
Flathead R nr Polson* 1607 | 138 | 2444 | 144| 2770| 147 3877 | 145
Clark Fork nr Plains* 2083 | 149 | 4469 | 156 | 4997 | 160 | 69.01 | 158
Pend Oreille R at Newport* 3823 | 146 | 5831 | 157| 6330 | 163 | 8871 | 160
Spokane R nr Post Falls* 1055 | 160 | 1620 | 167 | 1339 | 170 | 19.10| 170
Columbia R bl Grand Coulee* 15005 | 133 | 209.69 | 139 [ 24385 | 140 | 31506 | 137
Okanogan R nr Tonasket 516 | 181 7.28 | 181 835 | 179 | 1082 | 187
Wenatchee R at Peshastin 428 | 146 621 | 145 6.63 | 147 9.03 | 147
ColumbiaR bl Priest Rapids* 17620 | 140 | 24495 | 148 [ 28208 | 147 | 36454 | 145
YakimaR at Cle Elum* 306 | 143 445 | 162 407 | 164 562 | 162
Yakima R nr Parker* 746 | 148 | 1084 | 174 965 | 178 | 1325 | 176
Snake R nr Heise* 1160 | 159 | 1613 | 169 | 1878 | 174 | 2476 | 168
Boise R nr Boise* 492 | 173 7.44 | 178 6.83 | 164 9.64 | 161
Payette R nr Horseshoe Bend* 525 | 177 7.66 | 196 562 | 159 7.79 | 145
Snake R at Hells Canyon* 3407 | 165 | 4577 | 186 | 3423 | 167 | 4225 163
Salmon R at White Bird 1796 | 154 | 2624 | 160| 2822 | 158 3887 | 155
Grande Ronde R at Troy 500 | 174 7.68 | 181 587 | 166 8.34 | 162
Clearwater R at Orofino* 1351 | 149 | 2130| 156 | 2114 | 155 3028 | 154
NF Clearwater R bl Dworshak* 906 | 1588 | 1411 | 167| 1340 172| 19.16 | 169
Clearwater R at Spalding* 2403 | 155 | 3767 | 163| 3529 160 | 5043 | 159
Snake R bl Lower Granite* 80.84 | 155 | 11767 | 166 | 102.22 | 155 | 13855 | 152
ColumbiaR at The Dalles* 26823 | 142 | 37813 | 150 | 38861 | 146 | 51021 | 143
McKenzie R nr Vida* 6.08 | 148 6.17 | 130 380 | 118 4.68 | 119
N Santiam R nr Mehama* 508 | 149 506 | 129 260 | 110 331 | 114
S Santiam R at Waterloo* 4.47 | 148 4.08 | 118 152 | 93 205 | 9
Willamette R at Salem* 36.80 | 155| 3495| 124 | 1457 | 108| 1874 | 113
Rogue R a Raygold* 516 | 168 527 | 130 276 | 115 338 | 115
Cowlitz R at Castle Rock* 1302 | 139| 1605 [ 143 887 | 121| 1165|121
Skagit R nr Concrete* 1051 | 128| 2480 | 138 | 2345| 134| 2043 ] 130

! Average dischargein kcfs. 2 Percent of 1961-90 normal.
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* Adjusted for upstream storage.




GRAND COULEE DAM

—
a

50

iy,

-25 “u“ H
;

-50

PERCENT DEPARTURE OF ADJUSTED
ANNUAL MEAN DISCHARGE
o

20 30 40 50 60 70 BO 90
WATER YEAR

THE DALLES DAM

|
4l

PERCENT DEPARTURE OF ADJUSTED
ANNUAL MEAN DISCHARGE
o
o w
——
___—

20 30 40 50 60 70 80 90
WATER YEAR

LOWER GRANITE DAM

75

ANNUAL MEAN DISCHARGE

PERCENT DEPARTURE OF ADJUSTED

=75

20 30 40 50 60 70 BO 90
WATER YEAR

WILLAMETTE RIVER AT SALEM

75

50

. \ ”IJMH_ I
I

-50

ANNUAL MEAN DISCHARGE

=75

PERCENT DEPARTURE OF ADJUSTED

20 30 40 50 60 70 8O 90
WATER YEAR

Figure 12. FOUR BASIN DISCHARGE - DEPARTURE FROM 1928-90 AVERAGE

(except the John Day Basin). Washington continues with
the highest percentages with the Y akima up 38% to 215%
for May 1, by far the highest in that basin since SNOTEL
was installed sixteen years ago, the previous high was
153% in 1983, the North Cascades was at 80% (the highest
May 1 snowpack since 1961, higher than both the 1972
and 1974). Inldaho, the Clearwater snowpack was 167%,
the second highest in 43 years exceeded only by 1972
(173%). Every US sub-basin north of the Clearwater was
over 150%; the Kootenai at 153% was surpassed in the last
37 yearsonly by the 1972 (160%) and 1974 (163%) and in
Idaho the 130% to 140% snowpacks, although high, were
not records. The Snake headwaters with 167%, however,
had the second highest May 1 snowpack in 38 years and
Oregon was well above normal in spots (Mt Hood and the
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Wallowa Mountains). The overal SPI for the month was
131% (Figure 11).

By June 1 dl thelow devation snowpacks had melted
and middle and upper devation snowpacks were melting at
moderate rate but not producing significant overbank
flows. The exception was in he Upper Snake Basin were
a brief hot spell accelerated the snowmelt and causing
flooding in the basin above Milner Dam.

4. Surface Water Supply Index

Category-score numerical methods have been devel-
oped to indicate the status of the overall surface water
supply. The Surface Water Supply Index (SWSI) was
developed by the NRCS and has been applied, with dight
variations, in portions of the Pacific Northwest.




Thus far, the SWSI has only been applied to basins in
Oregon, Idaho, and Montana; but only the Oregon values
are computed monthly.  These indices includes
consideration of the status of the surface waters and
reservoir contents of the basin, along with precipitation,
snow, temperature, and other parameters. The index has
arange of +4.1 (very ample supply of water) through 0.0
(normal supply), to -4.1 (very inadequate supply).

This water year saw a general increase in the SWSI
in Oregon (Table 3). Nearly all basins started the year
with near normal water supply. The exceptions were the
Rogue/Umpqua (3.0) which was on the high or wet side.
The largest changes occurred in the northern half of
eastern Oregon from as low as -0.1 (normal) to 2.4
(moderately wet). (The Klamath, Lake County, and
Harney areas do not contribute to the Columbia drainage
or have flood control reservoirs and therefore are not
germane to this report).

The effects of the water supply on the regulation of
the specific reservoir projects are discussed in Chapter
111, the effects on power generation, irrigation, recreation,
fisheries, and other activities are discussed, by activity, in
Chapter IV.

5. Streamflow

Streamflows in the Pacific Northwest were measured
at approximately 900 gaging stations. To condense these
data gages at 14 index locations, on both uncontrolled
streams and controlled streams, were used to summarize
the flows throughout the region. The gages with upstream
reservoir storage had their discharges adjusted for the
amount of storage. Mean monthly discharges for each of
these index stations, as expressed as a percentage of their
1961-90 normal discharges, are shown in Table 4.

This was a wet year had streamflows averaging
154% of normal, a 10% increase over last years average.
The highest average monthly flow was on the MF
Flathead River near West Glacier, MT, which had 176%,
up 37%, and the Snake River at Weiser, ID, at 165%, up
40%. The lowest mean annual flow was on the Wilson
River in northwestern Oregon with 129%, down 32%
from that of last year with its record floods.

The water year began with normal or below stream-
flow throughout the region. Above normal rains in the
western basins during the latter three weeks of October
resulted in significant rises in flows to above normal west
of the Cascades. With no significant storm penetration
into the eastern basins there was little change in flows.
November streamflows mirrored those of October except
in southwestern Oregon where unseasonably heavy rain-
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fall after mid-month resulted in average monthly stream-
flow increasing by 300% and 400% over those of
October. Heavy rains in early and late December in
western Oregon again produced high discharges; with
peak flows records being set on Bear Creek in Medford,
and in the Klamath Basin of southern Oregon. These
higher flows on New Years Day were augmented by
snowmelt mainly from low elevation basins, occurred in
virtually all of the Northwest except for the basins in
eastern Idaho and western Montana. Streamflows during
January generally decreased from their New Years Day
peaks except in the far eastern basins which peaked later
in January. February and March flows generally receded
toward normal due to cooler temperatures that put most
of the precipitation into the snowpacks and reduced
streamflows. During March, in the Puget Sound area and
northern Columbia basin’s rivers responded to three
weeks of steady precipitation by increased flows while
the southern basins had decreasing streamflows and a
building of the abundant snowpack. April streamflows
remained above normal with little response to the slowly
increasing temperatures. May, despite its well below
temperatures and heavy mid month precipitation basin-
wide, managed to produce major increases in streamflows
in eastern headwater basins with the Clark Fork at St
Regis and the MF Flathead River near West Glacier
producing new peak flow records. With the cool spring
the snowmelt runoff remained snow and steady, avoiding
the potentially disastrous peaks that might have occurred
had a long warm weather spell accompanied the heavy
snowpack. The Upper Snake Basin near mid-June proved
to be another exception with its brief but warm spell that
produced record peak flows from the headwaters to
Milner, ID. July, August and September flows, although
above normal, continued to decline from their peaks in
May and June. Rare summer high water in some river in
western Washington and Oregon were the response to
remnants of unusual Pacific hurricanes and typhoons that
traversed the Northwest (Table 5).

Tables 6-9 show an additional comparison of WY 97
modified streamflows and runoff with historical flows.
These modified flows, which use a long term average
(LTA) of 1928-89, were reduced to a common period.

The Columbia River at Grand Coulee, Table 6, set a
new maximum April-July runoff wvolume record.
Although January, March, and May average discharges
were 150% or more of their LTA, they were still below
their record peak monthly averages. Despite the heavy
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Table 6

MODIFIED DISCHARGE AND RUNOFF !
COLUMBIA RIVER AT GRAND COULEE, WASHINGTON

MEAN MONTHLY MODIFIED STREAMFLOWS (cfs)
MONTH MAXIMUM MINIMUM WY 97 1928-89
. . . AVERAGE
Discharge | WY Discharge | WY Discharge % of Avg
Oct 95,170 1960 23,630 1987 50,370 101 49,770
Nov 92,400 1996 22,160 1930 43,460 95 45,510
Dec 114,100 1934 21,980 1931 40,690 97 41,880
Jan 112,100 1974 14,550 1930 57,150 150 38,010
Feb 102,100 1996 17,940 1936 48,830 118 41,360
Mar 121,800 1972 24,990 1937 92,830 177 52,480
Apr 249,300 1934 51,450 1929 161,550 138 117,400
May 419,800 1957 159,500 1977 409,560 152 269,600
Jun 521,500 1974 184,000 1941 445,720 140 318,000
Jul 339,200 1954 106,000 1977 242,670 127 190,800
Aug 189,600 1976 70,010 1987 115,490 114 101,500
Sep 112,000 1976 45,250 1987 86,900 137 63,600
Annual 157,400 1974 69,900 1944 150,048 135 111,100
MODIFIED RUNOFF ACCUMULATION (kaf)
MONTH MAXIMUM MINIMUM WY 97 1928-89
AVERAGE
Runoff WY Runoff WY Runoff % of Avg

Oct-Mar 31,240 1934 8,290 1937 20,119 124 16,220
Jan-Jul 91,200 1974 36,110 1944 88,173 142 62,100
Apr-Jul 76,180 1974 31,800 1944 76,239 141 54,220
Apr-Aug 84,170 1974 36,780 1944 83,340 138 60,460
Apr-Sep 88,540 1974 40,320 1944 88,511 138 64,250
Annual 114,000 1974 50,700 1944 108,630 135 80,450

! Modified streamflows, 1990 Level of Irrigation, 1928-89.

snowpacks in British Columbia, northern Idaho, and
western Montana, the spring and summer mean monthly
discharge did not approach their previous records.

On the Snake River at Lower Granite, Table 7,
January with 254% LTA set a new record of maximum
mean monthly discharge. This record resulted from the
New Year’s flood that reached into the Snake Basin
producing unusual winter flooding. Even the record peak
floods in June did not produce enough volume to
approach the mean monthly discharge of the 1974 record.
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The record annual flows was supplied in part by the spent
tropical storms that traverses the Northwest.

On the Columbia River at The Dalles, Table 8, May
with its 160% LTA set a new record for maximum mean
monthly discharge while January, with 201% LTA, was
well below the January 1974 record. The November and
December monthly runoffs and the annual discharge/
runoff were near their respective records.

On the Willamette River at Salem, Table 9, despite
their twice-LTA discharges November and December,
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Table 7

MODIFIED DISCHARGE AND RUNOFF !

SNAKE RIVER AT LOWER GRANITE, WASHINGTON

MEAN MONTHLY MODIFIED STREAMFLOWS (cfs)
MONTH MAXIMUM MINIMUM WY 97 1928-89
) ) ) AVERAGE

Discharge | WY Discharge | WY Discharge % of Avg
Oct 45,400 1960 16,630 1932 21,730 86 25,170
Nov 46,600 1996 17,640 1932 28,200 98 28,830
Dec 72,500 1996 16,870 1936 39,910 120 33,250
Jan 75,400 1974 15,780 1937 87,330 254 34,360
Feb 105,100 | 1996 17,840 1932 82,020 208 39,350
Mar 134,000 | 1972 21,470 1977 98,000 196 50,030
Apr 162,800 | 1943 36,880 1977 120,330 146 82,540
May 206,100 | 1971 48,900 1977 197,650 163 121,200
Jun 241,100 | 1974 31,910 1934 178,910 163 110,000
Jul 85,970 1975 15,480 1931 58,030 144 40,340
Aug 32,280 1984 11,840 1931 28,620 132 21,650
Sep 32,740 1965 14,410 1931 30,540 136 22,400
Annual 81,239 1997 27,390 1977 80,837 159 50,730

MODIFIED RUNOFF ACCUMULATION (kaf)
MONTH MAXIMUM MINIMUM WY 97 1928-89

AVERAGE

Runoff WY Runoff WY Runoff % of Avg
Oct-Mar 23,200 1996 6,913 1937 21,419 169 12,700
Jan-Jul 47,860 1974 12,840 1977 49,478 172 28,780
Apr-Jul 35,680 1974 8,636 1977 33,527 157 21,390
Apr-Aug 37,450 1974 9,530 1977 35,287 155 22,720
Apr-Sep 38,850 1974 10,590 1977 37,104 154 24,050
Annual 58,130 1974 19,830 1977 58,523 159 36,730

! Modified streamflows, 1990 Level of Irrigation, 1928-89

did not meet their previous records. However, an excess
of late summer rainfall was produced by a plethora of
nearly spent hurricanes, typhoons, and extra tropical
storms that found their way into the Northwest.

6. Flood Events

Winter Season November weather was punctuated
by the wettest short-term rainfall in history at many
locations. Corvallis Water Bureau exceeded last year’s
record by 20%, Roseburg exceeded its 30-year record by
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33%, and Madras exceeded its record set in 1995 by
80%. Flooding occurred widely in western and central
Oregon with the rivers rising exceptionally fast, due to
the intense rainfall. However, the storm was short lived
and the rivers, many of which exceeded their flood stage,
crested quickly with only Johnson Creek reaching a new
record stages (Table 10).

Late December into early January a series of warm,
moist storms brought flooding to Oregon, Eastern
Washington, and ldaho. Rainfall amounts exceeded 8
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Table 8

MODIFIED DISCHARGE AND RUNOFF !
COLUMBIA RIVER AT THE DALLES, OREGON

MEAN MONTHLY MODIFIED STREAMFELOWS (cfs)

MONTH MAXIMUM MINIMUM WY 97 1928-89
. . . Average

Discharge | WY | Discharge | WY | Discharge % of Avg
Oct 165,800 1960 54,650 1988 87,110 100 87,340
Nov 167,500 1996 50,110 1930 88,380 98 90,260
Dec 223,000 1996 51,320 1931 113,570 120 94,810
Jan 222,700 1974 39,160 1937 186,850 201 92,930
Feb 279,000 1996 51,160 1937 172,030 164 105,100
Mar 316,900 1972 59,130 1977 235,720 184 127,900
Apr 400,200 1943 108,000 1929 334,500 148 225,500
May 669,400 1957 221,000 1977 681,480 160 425,100
Jun 841,300 1974 248,500 1977 694,490 147 473,200
Jul 428,100 1954 122,000 1977 330,910 125 256,300
Aug 228,800 1976 95,190 1987 157,270 115 137,200
Sep 150,600 1959 67,950 1988 133,150 137 97,150
Annual 268,600 1974 108,600 1977 268,233 145 184,600

MODIFIED RUNOFF ACCUMULATION (kaf)
MONTH MAXIMUM MINIMUM WY 97 1928-89
Average

Runoff WY Runoff WY Runoff % of Avg
Oct-Mar 67,200 1996 19,640 1937 67,186 186 36,030
Jan-Jul 156,900 1974 53,810 1977 139,310 135 102,900
Apr-Jul 124,100 1974 43,060 1977 102,198 122 83,470
Apr-Aug 134,600 1974 49,580 1977 111,080 121 91,910
Apr-Sep 140,400 1974 54,250 1977 116,609 119 97,690
Annual 194,400 1974 78,610 1977 194,191 145 133,700

! Modified streamflows, 1990 Level of Irrigation, 1928-89

inches in 24-hours at some of the wetter spots in Oregon,
with many other sites receiving 2-4 inches in 24-hours.
In addition, areas east of the Cascades had a considerable
low elevation snowpack which melted to augmented the
rain driven flood peak.

Most streams in Western Oregon flooded during this
period (Table 11). In the Willamette streams generally
crested 1 to 3 ft above flood stage with some damage to
low lying homes along many rivers. In Southwestern
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Oregon, streams crested 2 to 6 ft above flood stage.
Reservoir flood control storage lowered river stages by
more than 6 ft at some sites in the upper Willamette Basin
and by 4 ft in the lower basin. Rogue River stages were
reduced by one to six feet by flood control storage in Lost
Creek and Applegate reservoirs. Generally only minor
damage occurred to dwellings in the flood plain, with the
exception of severe flooding on Bear Creek near Medford
where flood damages which reportedly exceeded $60



Table 9

MODIFIED DISCHARGE AND RUNOFF !

WILLAMETTE RIVER AT SALEM, OREGON

In Eastern Oregon serious flooding occurred on the
lower Grande Ronde near Troy, and on the Imnaha River.
Flood damages were reportedly near $4 million. Minor
flooding took place on the Umatilla, John Day, and Des-
chutes rivers.

Central ldaho was hardest hit by this storm,
especially on the Weiser and Payette River drainages. In
these basins, an extensive low elevation snowpack was
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MEAN MONTHLY MODIFIED STREAMFLOWS (cfs)
MONTH MAXIMUM MINIMUM WY 97 1928-89
. . . Average
Discharge | WY | Discharge | WY | Discharge % of Avg
Oct 32,130 1948 2,530 1988 12,490 165 7,542
Nov 71,400 1974 3,160 1937 56,500 222 25,450
Dec 128,300 | 1965 5,300 1977 | 114,960 260 44,190
Jan 94,300 1953 6,090 1977 67,960 146 46,700
Feb 101,300 1996 6,340 1977 46,400 107 43,320
Mar 79,080 1972 11,130 1941 55,390 152 36,360
Apr 63,410 1937 10,820 1941 31,810 105 30,210
May 39,920 1963 10,160 1987 21,990 98 22,410
Back Jun 36,760 1933 4,518 1992 13,040 92 14,090
Jul 12,290 1983 2,490 1940 8,340 139 5,988
Aug 5,970 1968 1,911 1967 5,720 149 3,830
Sep 7,556 1978 2,467 1987 6,760 167 4,050
Annual 38,170 1974 9,593 1977 36,802 156 23,585
MODIFIED RUNOFF ACCUMULATION (kaf)
MONTH MAXIMUM MINIMUM WY 97 1928-89
Average
Runoff WY Runoff WY Runoff % of Avg
Oct-Mar 21,200 1956 3,151 1977 19,503 159 12,228
Jan-Jul 18,210 1972 5,561 1977 17,587 148 11,915
Apr-Jul 8,011 1937 2,253 1987 5,539 126 4,382
Apr-Aug 8,294 1937 2,435 1987 5,807 126 4,618
Apr-Sep 8,540 1937 2,582 1987 6,069 125 4,859
Annual 27,630 1974 6,945 1977 26,644 156 17,087
! Modified streamflows, 1990 Level of Irrigation, 1928-89.
million. subjected to warm temperatures and heavy rain that

produced severe to record level flooding on the Weiser
River. At the town of Weiser, the river crested at 16.5 ft,
one-half foot above the previous flood-of-record. On the
Payette River serious flooding occurred on the lower
Payette from Horseshoe Bend to the mouth. Levees were
washed out near Payette, causing widespread flooding.
The 32.3 kcfs peak on the Payette River at Emmett,
which was just under the previous peak of record,
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Table 10

NOVEMBER FLOOD PEAKS- OREGON

DAMAGE STAGE OBSERVED PREVIOUS RECORD
RIVER GAGE
ZERO MAJOR | DATE STAGE DISCH DATE STAGE | DISCH
Willamette Harrisburg 14.0 17.0 11/19 15.53 80.0 12/-/1861 20.5
Clackamas Estacada 10.0 11/19 219 12/22/64 28.36 86.9
Johnson Creek Sycamore 11.0 11/19 15.38 3.02 12/22/64 14.68 2.62
Milwaukie 274 11/19 30.08 215 2/8/96 30.27 217
Marys Philomath 20.0 11/19 18.7 1/15/74 20.91
Luckiamute Suver 27.0 11/19 29.7 12/22/64 34.52 329
Alsea Tidewater 18.0 11/19 22.26 28.2 12/22/64 27.44 41.8
Siletz Siletz 16.0 11/19 18.7 11/20/21 316 40.8
South Umpqua Brockway 26.0 11/19 24.7 12/23/64 34.28 125
Bear Creek Medford 11/19 5.73 1.01 12/22/62 10.04 145
Rogue Grants Pass 20.0 245 11/19 10.87 22.8 12/23/64 35.15 152
Agness 17.0 11/19 14.56 42.3 12/23/64 68.03 290
Deschutes Madras 11/20 3.99 7.01 7/16/83 7.7 22.5

Bold new record

produced flood damages estimated near $25 million. The
mainstem Snake River, both at Weiser and Anatone, also
exceeded flood stage, but damage was minor.

The storm al so affected Washington rivers and those
east of the Cascades (Table 12). Many riversin western
Washington rose above their flood stage but at most sites
the flooding was minor. The Chehalis rose to more than
4.0 ft over itsflood stage while the Deschutes and Snoqual -
mie rivers crested at more than two feet over their flood
stages. In Eastern Washington the Klickitat and Walla
Walla rivers and Hangman Creek exceeded flood stage.
Along the lower Wadlla Walla River some homes were
evacuated and some county roads were under water. On
Hangmen Creek the crest of 14.9 ft, which was a new peak
of record, substantially damaged both houses and golf
courses on the lower part of the creek.

In March ancther extremely intense storm hit a small
areaon the Olympic Peninsulain Washington (Table 13).
The observed crest on the Skokomish River near Potlatch
wasthe highest level in recorded history. During the storm
up to 14 inches of rain fell in headwaters areas of the
Wynoochee River, with headwaters adjacent to the
Skokomish River, causing the gage at Montesano to
exceeded flood stage for the first time since Wynoochee
Dam wasbuilt. The Cedar River, even with informal flood
control at upstream water supply projects, managed to
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exceed magjor flood stage. The unregulated Satsop River
eclipsed its old all time peak stage by more than 1.5 ft as
didthe Nasdle River. The Little Spokane River in eastern
Washington aso set a new peak stage nearly 1.0 ft greater
than the old record.

Spring Floods During the winter record snowpacks
accumulated in mogt areas of the Columbia Basin from fall
and winter precipitation that averaged greater than 130%
of normal for al areas except the Columbia Basin in
Canada. The autumn and early winter rainfall recharged
the soil moisture before colder temperatures moved into the
region and snow began accumulating. These precursor
conditions, high soil moisture, frozen ground, and heavy
snowpacks, portended possible serious flooding in Idaho,
Montana, and portions of eastern Oregon and eastern
Washington.

Most spring peaks flows occurred during a period of
hot spell in May. The exception was the upper Snake and
upper Samon rivers where a combination of snowmelt and
heavy rainfall produced a flood peak in early June. In
Montana new record peak flows were recorded on the
Stillweter River near Kalispell and on the Clark Fork at St
Regis (Table 14). The potentia for record peak flows on
the Flathead River and the upper Clark Fork was mitigated
by cooler-than-normal temperatures from mid-May through
June which retarded snowmelt rates.



Table11

DECEMBER-JANUARY FLOOD PEAKS- OREGON

DAMAGE STAGE OBSERVED PEAK REDUCTION
RIVER GAGE
ZERO MAJOR | DATE | STAGE DISCH STAGE | DISCH
MF Willamette | Jasper 10.0 12/25 10.1 234 4.5 355
CF Willamette Goshen 13.0 12/31 13.2 155 14 4.0
Willamette Eugene 23.0 29.0 12/31 20.0 39.0 6.6 36.5
Harrisburg 14.0 17.0 12/31 135 65.8 5.7 65.8
Albany 25.0 32.0 1/2 27.3 96.2 54 59.5
Salem 28.0 33.0 1/2 294 162.8 4.8 69.3
Oregon City 14.0 17.0 1/2 16.3 263.1 1.0 33.6
Portland 18.0 25.0 1/3 235 306.0
McKenzie Vida 110 14.0 12/31 7.8 211 4.4 19.6
Long Tom Monroe 12/29 8.9 6.52 2.6 7.58
N Santiam Mehama 110 135 12/26 89 189 2.8 19.3
S Santiam Waterloo 12.0 12/29 10.3 19.3 7.2 30.8
Santiam Jefferson 150 20.0 12/26 17.0 62.2 4.0 49.5
S Yamhill McMinnville 50.0 12/30 55.2 28
Tualatin Dilley 17.0 12/30 17.95 3.3
West Linn 135 1/2 16.3 21
Johnson Milwaukie 274 11 29.35 1.7
Wilson Tillamook 13.0 12/29 139 17
Nehalem Foss 14.0 12/31 19.1 35
Grande Ronde Troy 10.0 1/1 12.15 38
Imnaha Imnaha 4.2 11 10.3 7.5
Warm Springs KahneetaH S 4.2 1/1 9.6 8.7
John Day Service Cr 1/1 16.5 35
Deschutes Moody 8.0 1/1 9.0
Lost Creek Lake | Outflow 1/10 16.9e
Rogue Dodge Bridge 10.0 10.0 1/1 10.23e 26.8 33 24.2
Central Point 11 17.10e 69.99 2.7 2291
Grants Pass 20.0 245 11 25.55e 85.8 4.2 232
Agness 17.0 1/2 51.19e 241.0 6.2 26.0
Applegate Lake | Outflow 1/1 15.8e
Applegate Applegate 13.0 1/1 16.76e 29.56 5.9 14.94
Wilderville 11 16.52¢e 52.2 1.1 13.2
e=estimated
Back
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Table 12

DECEMBER - JANUARY FLOOD PEAKS-WASHINGTON & IDAHO

Back

weretheonly ones to approach a peak of record during the
spring runoff. The peak of 29.0 ft at Spokane exceeded all
but the 1894 record peak. The Pend Oreille River at
Newport had a peak flow of 138.3 kcfs, also was exceeded
only by the 1894 record spring peak. Substantial damage
was done on the Pend Oreille River in the reach from
Newport down to Box Canyon Dam. Some levees failed
and hundreds of homes had to be evacuated. An estimated
total of $3 million damage was done to homes, road,
bridges, and business during the flood.

In Idaho, severa record flood peaks were observed on
the upper Snake during the June rain-on-snow event. Peak
flows at Heise, Blackfoot, and Milner were exceeded only
by the 1894 flood peaks. The peak flow on the Henrys
Fork near Rexburg was the third highest of record. Severe
flooding took place on the Snake River from Heise to
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DAMAGE OBSERVED PEAK PREVIOUS RECORD
RIVER GAGE STAGE
ZERO MAJOR | DATE | STAGE | DISCH DATE STAGE | DISCH

Nooksack Ferndale 12.0 15.1 12/31 25.4* 11/10/90 23.56 57.0
Snoqualmie Carnation 54.0 58.0 1/2 56.5 11/24/90 60.7 65.2
Snohomish Snohomish 25.0 29.0 1/3 25.1
Cedar Renton 12.0 12.4 1/2 12.7 11/24/90 17.13 10.6
Skokomish Potlatch 15.5 1/1 16.7 12/20/94 17.47
Deschutes Rainier 12.0 12/30 14.3 1/9/90 17.01 9.6
Skookumchuck Centralia 85.0 12/30 70.2
Grand Mound Grand Mound 13.3 12/30 17.3 2/9/96 19.98 74.8
Satsop Satsop 34.0 38.0 1/1 34.5 1/22/35 38.9 46.6
Willapa Willapa 21.0 1/1 219 12/20/94 27.28 14.8
Hangman Spokane 11.0 1/1 154 25.8 2/3/63 13.35 20.6
St Joe Calder 13.0 16.0 12/31 13.9 24.0* 12/23/33 53.0
Payette Banks 1/1 19.1
Weiser Cambridge 12.0 14.5 1/1 22.8 12/22/55 13.9 10.1

Weiser 9.0 1/1 34.5 3/25/93 11.96 21.7

* |ce jam affected stage. Bold new record
In Washington, the lower Pend Orellle and Spokanerivers  Milner. Hundreds of homes were flooded, state and

interstate highways submerged, and numerous irrigation
works were damaged during the flood. The peak flow of
17.1 kcfs on the Salmon River at Salmon, was just under
the record flow of 17.7 kcfs set in 1974.

Record snowpacks at high-elevation in the Boise and
Payette basins did not produce record spring peaks, proba-
bly because much of their low- to mid-elevation snow was
lost during the January flood event and not replaced.

In Oregon, only the Grande Ronde and the Imnaha
rivers experienced flooding during the spring season. On
the lower Columbia peak stages were controlled to near 19
ft a Vancouver, three feet above flood stage, producing
only minor lowland flooding.




MARCH FLOOD PEAKS-WASHINGTON & IDAHO

Table 13

DAMAGE OBSERVED PEAK PREVIOUS RECORD

RIVER GAGE STAGE

ZERO | MAJOR | DATE | STAGE | DISCH DATE STAGE | DISCH
Nooksack Ferndale 12.0 15.1 12/31 25.4* 11/10/90 23.56 57.0
Snoqualmie Carnation 54.0 58.0 12 56.5 11/24/90 60.7 65.2
Snohomish Snohomish 25.0 29.0 1/3 251
Cedar Renton 12.0 12.4 12 12.7 11/24/90 17.13 10.6
Skokomish Potlatch 155 U1 16.7 12/20/94 17.47
Deschutes Rainier 12.0 12/30 14.3 1/9/90 17.01 9.6
Satsop Satsop 34.0 38.0 3/19 38.87 63.6 12/20/94 37.28 50.6
Wynoochee abv Black Cr 19.0 3/19 20.21 25.6R 1/19/68 20.54 255
Quinault Quinault Lk 3/19 46.4 11/4/95 20.51 50.2
Willapa Willapa 21.0 3/19 24.54 12.1 12/20/94 27.28 14.8
Naselle Naselle 3/18 19.17 12 11/24/90 18.45 11.3
Little Spokane | Dartford 3/21 8.24 4.12 2/17/70 7.29 3.17

* |ce jam affected stage.

Bold new record R=regulated

Table 14
Back
JUNE FLOOD PEAKS-IDAHO
DAMAGE OBSERVED PEAK PREVIOUS RECORD
RIVER GAGE STAGE
ZERO | MAJOR | DATE | STAGE | DISCH DATE STAGE | DISCH
Snake Flagg Ranch 6/5 14.5 6/5/96 10.75 15.0
Moran 6/11 12.1 6/12/18 10.41 15.1
lrwin 6/19 40.4 6/4-6/56 13.31 318
Heise 21 ** 6/13 435 5/19/27 16.0 60.0
Henrys Fork St Anthony 7.0 5/30 10.6 5/16/84 8.62 13.2
Rexburg 9.0 6/12 13.6 5/17/84 12.05 16.4
Willow blw Tex Cr 5/9 242 4/23/86 5.76 1.49
Snake Shelley 12.0 12,5 6/17 47.8 6/17/18 16.97 47.2
Portneuf Pocatello 8.0 11.0 5/20 13 2/24/62 11.35 2.99
Snake Milner 6/22 30.8 714127 20.83 26.0
* |ce jam affected stage. Bold new record R=regulated ** discharge in kcfs
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B. FORECASTS

River forecasts are prepared primarily by the
Northwest River Forecast Center (NWRFC) under an
agreement between the NWRFC, the Corps, and Bonneville
and arefully coordinated with the Bureau of Reclamation.
Under this Columbia River Forecasting Service (CRFS)
agreement all major projects are assumed to be operated
based on coordinated forecasts. This minimize
unanticipated project operations due to the use of different
flow forecasts. This agreement sets three main goals: (1)
pool certain resources of the three participating agencies
within the region; (2) avoid duplication of forecasts; and
(3) increase the overal efficiency of operation. These
forecasts are released monthly about the tenth of each
month between January and June and are based on the
basin hydrologic conditions on the first of each month plus
normal weather assumed throughout the remainder of the
forecast period.

In addition to these CRFS forecasts the NWRFC also
prepared forecasts, which are distributed through the state
NWS offices for public warning, for rivers in areas that
were not affected by project regulations.

For forecast points located below flood control
projects, outflow schedules are provided by the operating
agency before the downstream flood warning is issued.
The forecast area includes al of Oregon, Washington,
Idaho, western Montana, the upper Snake River Basin in
Wyoming, and the Columbia Basin portion of British
Columbia. Distribution of all these forecasts was through
CROHMS, by the Columbia Basin Telecommunications
system (CBT), and the National Weather Service (NWS)
web page (www.nwrfc.noaagov). The NWSAFOS system
is used to transmit the forecasts to the state hydrologist
offices in Seattle, Portland, Medford, Boise, Missoula,
Pendleton, Pocatello, and Spokane for public release.

Table 15

UNREGULATED RUNOFF VOLUME FORECASTS

(Thousand Acre-Feet)
GRAND
FORECAST MICA ARROW LIBBY DUNCAN COULEE
DATE
Feb-Sep Feb-Sep Jan-Jul Feb-Sep Jan-Jul
Jan 1 13,500 27,100 7160 2340 76,800
Feb1 14,400 28,800 7420 2610 79,700
Mar 1 14,100 29,000 7050 2470 77700
Aprl 14,900 30,000 7700 2520 82,000
May 1 15,100 30,400 7760 2570 83,300
Jun 1 15,300 30,900 8210 2610 89,400
Obs 14,245 30,736 8055 2748 88,170
HUNGRY YAKIMA LOWER THE
FORECAST HORSE PARKER DWORSHAK GRANITE DALLES
DATE
Jan-Jul Apr-Sep Jan-Jul Jan-Jul Jan-Jul
Jan 1 2970 2990 5230 45,400 138,000
Feb1 3020 3010 5260 49,100 145,000
Mar 1 3030 2790 5200 48,000 142,000
Aprl 3200 3050 5600 48,300 149,000
May 1 3210 3190 5840 50,600 153,000
Jun 1 3760 3180 5780 49,400 159,000
Obs 3291 3504 5935 49,478 159,000
Back
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Table 16

FORECAST AND OBSERVED RUNOFF (kaf)

FCST ERR (%) "

FORECAST 30-YR FORECAST OBS
STREAM STATION PERIOD NORMAL AN L PR RUNOFF ANL | APR1
COLUMBIA Mica Inflow Feb-Sep 13,170 13,500 14,900 14,245 +9 -1
Duncan Inflow Feb-Sep 2,319 2,340 2,520 2748 | +18 +10
KOOTENAI Libby Inflow Jan-Jul 6,396 7,160 7,700 8,055 14 6
Apr-Sep 6,772 7,580 8,090 8,348 18 4
COLUMBIA Birchbank Apr-Sep 43,800 48,700 51,900 54,619 +14 +6
SF FLATHEAD Hungry Horse Jan-Jul 2,269 2,970 3,200 3,291 14 4
Inflow Apr-dul 2,051 2,690 2,940 3,027 16 4
Apr-Sep 2,184 2,860 3,130 3,208 16 4
FLATHEAD Flathead Inflow Apr-Sep 6,926 9,120 10,000 10,055 13 1
PEND OREILLE Pend Oreille Inf Apr-Sep 14,370 19,900 2,100 22,977 21 14
SPOKANE Spokane Apr-Sep 2,864 4,390 4,820 4,860 16 1
COLUMBIA Grand Coulee Jan-Jul 63,280 76,800 82,000 88,170 18 10
Inflow Apr-Aug 60,940 74,000 78,300 83,340 10 6
OKANOGAN Tonasket Apr-Sep 1,623 2,150 2,400 3,032 54 39
METHOW Pateros Apr-Sep 941 1,180 1,410 1,417 25 1
WENATCHEE Peshastin Apr-Sep 1,636 2,160 2,420 2405 15 -1
COLUMBIA Priest Rapids Apr-Sep 70,410 86,800 92,900 96,518 14 5
YAKIMA Parker Apr-Sep 1,994 2,990 3,050 3,504 26 23
SNAKE Moran Apr-Jul 781 1,060 1,170 1,413 45 31
Heise Apr-Jul 3,451 4,860 5,090 5,992 33 26
BOISE Boise Apr-Jul 1,421 2,590 2,540 2,332 -18 -15
PAYETTE Emmett Apr-Jul 1,186 2,480 2,290 1,885 -50 -34
SNAKE Weiser Apr-Jul 5,465 9,580 8,750 9,208 -7 8
SALMON White Bird Apr-Jul 5,955 9,470 8,800 9,405 -1 10
GRANDE RONDE Troy Apr-Jul 1,214 1,960 1,400 2,018 5 50
NF CLEARWATER Dworshak Jan-Jul 3,548 5,230 5,600 5,935 20 9
Apr-Jul 2,700 3,980 4,300 4,637 24 12
CLEARWATER Spalding Apr-Jul 7,618 11,000 11,800 12,203 16 5
SNAKE Lower Granite Jan-Jul 29,740 45,400 48,300 49,478 14 4
Apr-Aug 23,000 35,000 34,800 35,290 1 2
JOHN DAY Service Creek Apr-Sep 821 1,370 1,150 943 -52 -25
DESCHUTES Moody Apr-Sep 1,902 2,460 2,310 2,269 -10 -2
COLUMBIA The Dalles Jan-Jul 105,900 | 138,000 | 149,000 | 159,000 13 9
Apr-Aug 93,250 | 121,000 | 125,000 | 133,133 09 06
Back
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1. Runoff Volumes

The monthly forecasts for ten key sites (Table 15)
show that the initial January 1 forecasts were modified as
the season progressed to reflect how the precipitation,
temperature, snowpack, and discharge depart from their
normals. Water supply volume forecasts on January 1,
Table 16, indicated above normal runoff was expected in
all basins because of theinitia hydrologic conditions were

above normal for all basins. This water supply picture
continued to increase through April 1, as the rainfall
continued above normd in the Columbia and Snake basins.
This two month weather regime increased the volume
runoff forecasts by as much as 20% in some sub-basins,
specifically on the upper Columbia River and parts of the
Pend Oreille River system. This table also shows the
forecast errorsfor each basin.

Table 17

MONTHLY FORECASTSVS. ACTUAL RUNOFF
COLUMBIA RIVER ABOVE THE DALLES

JANUARY-JULY RUNOFF VOLUME (kaf)
YEAR FORECAST ISSUE DATE
OBSERVED
JAN 1 FEB 1 MAR 1 APR 1 MAY 1 JUN 1
1970 82,500 99,500 93,400 94,300 95,100 -- 95,700
1971 110,900 129,500 126,000 134,000 133,000 135,000 137,500
1972 110,100 128,000 138,700 146,100 146,000 146,000 151,700
1973 93,100 90,500 84,700 83,000 80,400 78,700 71,200
1974 123,000 140,000 146,000 149,000 147,000 147,000 156,300
1975 96,100 106,200 114,700 116,700 115,200 113,000 112,400
1976 113,000 116,000 121,000 124,000 124,000 124,000 122,800
1977 75,700 62,200 55,900 58,100 53,800 57,400 53,800
1978 120,000 114,000 108,000 101,000 104,000 105,000 105,600
1979 88,000 78,600 93,000 87,300 89,900 89,700 83,100
1980 88,900 88,900 88,900 89,700 90,600 97,700 95,800
1981 106,000 84,700 84,500 81,900 83,200 95,900 103,500
1982 110,000 120,000 126,000 130,000 131,000 128,000 129,900
1983 110,000 108,000 113,000 121,000 121,000 119,000 118,700
1984 113,000 103,000 97,600 102,000 107,000 114,000 119,000
1985 131,000 109,000 105,000 98,600 98,600 100,000 87,700
1986 96,800 93,300 103,300 106,000 108,000 108,000 108,300
1987 88,900 81,900 78,000 80,000 76,700 75,800 76,500
1988 79,200 74,800 72,700 74,000 76,100 75,000 72,700
1989 101,100 102,000 94,200 99,500 98,600 96,900 90,600
1990 86,500 101,000 104,000 96,000 96,000 99,500 99,700
1991 116,000 110,000 107,000 106,000 106,000 104,000 107,000
1992 92,600 89,100 83,300 71,200 71,200 67,800 70,400
1993 92,600 86,500 77,300 76,600 81,900 86,100 88,000
1994 79,700 76,300 78,100 73,200 75,500 74,600 75,000
1995 101,000 99,600 94,300 99,600 99,600 97,900 117,100
1996 116,000 122,000 130,000 126,000 134,000 141,000 139,300
1997 138,000 145,000 142,000 149,000 153,000 159,000 159,000
Back 31




Table 17 shows the history of forecasting the Janu-
ary-July runoff of the Columbia River at The Dallesfor the
period 1970-97. These are the actual forecasts made each
year and do not include the effects of improvements in
forecast models or changes in the amount and quality of
dataused inthemodds. Thisyear's observed January-July
runoff was 159 maf, exceeding both the notable volumes of
1972 and 1974.

2. Long-Range Peaks

Spring peak-flow forecasts, expressed as a range of
stages or flows, are a product of volume forecasts with
model simulations of daily forecasts which provide
adjustments to these long-range predictions and were
expressed so there was a probability that 25% of peak
discharges may occur above the higher limit, and a 25%
probability of the peak occurring below the lower limit.
The verification of thisyear's forecasts for key stationsin

Table 18 showsthat most of the observed peaksfell above
the expected range. This reflects the period of moderate
rain and reduced the need for irrigation diversions and
thereby increasing in-river flows for May and June.

3. Daily Streamflows

The forecasts of operationa streamflow were
prepared by the NWRFC. The three operating agencies,
Reclamation, Bonneville, and the Corps, used these stream
flow forecasts in their day-to-day reservoir project
operation and energy operation. Close and constant co-
ordination was required between these agencies and the
NWRFC because project operation were dependent upon
forecasts and the forecasts must take into consideration the
project operation. The results of water resource uses of
these forecasts are described in the following two chapters
of thisreport.

Table 18

FORECAST AND OBSERVED PEAK FLOW AND STAGES
FORECAST ISSUED APRIL 1

PEAK REGULATED STAGE PEAK REGULATED FLOW
FLOOD
RIVER STATION STAGE Forecast (ft) Obsd! Forecast (kcfs) Obsd
(ft) . Stage . Flow

Low High (ft) Low High (kcfs) Date

Flathead Columbia Falls 13.0 14.0 16.4 15.3 52.0 71.9 61.6 5/17
Clark Fork ab Missoula 11.0 11.0 13.8 12.6 215 31.3 26.5 5/18
St Regis 19.0 19.2 20.8 20.3 60.9 73.5 68.2 5/18

Pend Oreille Newport 106.1 120.2 140.2 138.3 6/05
Spokane Spokane 27.0 276 28.8 29.0 34.8 40.8 44.7 5/20
Okanogan Tonasket 15.0 16.4 18.4 17.8 23.8 30.2 27.8 5/18
Wenatchee Peshastin 13.0 12.0 13.8 12.3 21.0 26.8 215 5/17
Columbia Priest Rapids 4221 29.4 32.0 346.4 406.4 414.9 6/12
Yakima Parker 10.0 9.8 11.2 10.3 194 25.4 19.7 5/15
Henrys Fork Rexburg 9.0 10.8 114 111 124 14.8 13.2 5/26
Payette Emmett 16.0! 11.8 14.4 18.2 20.0 27.7 100.5 4/21
Salmon White Bird 32.0 322 34.6 32.2 101.8 1225 84.0 5/18
Clearwater Spalding 18.0 15.6 18.6 15.6 85.7 1195 230.0 5/17
Snake Lower Granite 325 1 264.0 342.1 5/18
Columbia The Dalles 537.1 617.1 563.2 6/03
\/ancouver 16.0 16.6 23.2 19.1 6/04

Willamette Portland 18.0 16.1 22.7 18.6 6/04

Peak forecasts predict the range of the 67% chance (1-sigma about the median) of occurrence. Abnormal westher during the critical melt period

may cause the pesk to be outside the indicated range.
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I11. RESERVOIR REGULATION

The reservoir system in the Northwest is made up of
Federal, municipal, public, and privately owned dams.
Regardless of ownership major hydroelectric projects are
operated in accordance with the Pacific Northwest Coor-
dinating Agreement. This agreement coordinates the
seasonal operation of the system member’s projects for
the best use of their collective reservoir storage. This and
some of the other agreements that affect project operation
are briefly discussed in Chapter VI. In this chapter,
however, the regulation of the system as a unit is de-
scribed followed by the regulation of the operation of
individual projects in downstream order and chronologi-
cally from the beginning of the operational year.

The members of the coordinated system of reser-
voirs are listed in Appendix A. Daily project operations
are shown on charts in Appendix D. Charts 5-30 show
the storage and streamflow hydrographs from July 1,
1996 through September 30, 1997, for major storage
projects, Charts 31-56 present the annual hydrographs for
flood storage projects, hydrographs of the spring freshet
are shown in Charts 57-79, Chart 80 shows The Dalles
discharge hydrograph for regulated and unregulated
conditions, Charts 81-84 are the Willamette Basin’s
control point hydrographs, Charts 85-88 are the reservoir
hydrographs for other Section 7 projects, and Charts 89-
92 are summary hydrographs for the four key stations.
Table 21 is the monthly rule curves and observed reser-
voir elevations for the major storage projects.

A. SYSTEM OPERATION

The operating year began with the coordinated
reservoir system officially filling to 99.5% of storage
capacity on July 31, 1996. As a result, first year firm
energy load carrying capability (FELCC) was adopted for
the 1997-98 operating year. Because of persistent high
flows, the system generally operated to Operating Rule
Curves (ORC) or flood control for the entire year. The
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system storage energy reached 99.1% of full on Jule 31,
1997, and the system adopted the first-year FELCC for
the 1997-98 PNCA (Pacific Northwest Coordinating
Agreement) Final Regulation study.

The January 1, 1997 water supply forecast was for
The Dalles was 138.0 maf for the January-July period, or
130% of normal. Subsequent forecasts through April
reflected an increasing trend, with the April forecast
being 141% of normal. During April through July, above
normal precipitation turned the forecasts upward with the
June showing runoff forecast volumes of 159.0 maf,
150% of normal.

In April, the system was on the Energy Content
Curve, with Grand Coulee, Libby, Hungry Horse, and
Dworshak at or above their April 15 flood control eleva-
tions. During the April 7 - August 31 flow augmentation
period, these projects were used to augment flows at
Lower Granite and McNary. In accordance with the
National Marine Fisheries Service’s Biological Opinion,
these projects were regulated in an attempt to meet Lower
Granite suggested target flows that are listed in Chapter
1V, Section G.

Daily flood control regulations were required during
January at Libby, Grand Coulee, Dworshak and the Snake
River projects. This year's observed peak flow at The
Dalles was 570.7 kcfs on June 17 with a corresponding
unregulated peak of 896.0 kcfs on June 15. The observed
winter peak flow at The Dalles was 321.5 kcfs on January
5 with a corresponding unregulated peak of 398.0 kcfs on
January 3. Last year's observed peak was 462.2 kcfs.
The system reached 47% of its full energy capacity in the
Actual Energy Regulation (AER) on July 31, 1997,
resulting in first-year FELCC being adopted for the 1997-
98 operating year. The observed refill was near 90% of
capacity, providing some reservoir operating storage
above the proportional draft level going into the new
operating year.



Table 19

MONTHLY OBSERVED RESERVOIR ELEVATIONS AND RULE CURVES

1996 1997
PRQUECT AUG SEP oCcT NOvV DEC JAN FEB MA APR 15 APR 30 MAY JUN
M CA
aBS 2475.4 2471.3 2462.1 2443.3 2427.3 2410.5 2402.5 2390.7 2384.2 2383.7 2406.4 2406.4
MRC 2469.8 2469.8 2467.9 2467.9 2467.9 2466.0 2464.3 2462.4 2462.4 2462.4 2465.9 2467.3
BECC 2469.8 2469.8 2469.7 2467.0 2460.1 2452.6 2442.7 2431.7 2426.1 2421.1 2425.3 2449.5
CRC1 2469.8 2469.8 2459.8 2443.6 2427.0 2408.8 2396.5 2386.3 2382.3 2379.2 2387.4 2414.9
CRC2 There is no CRC2 because the 1995-96 Final Regulation was a one year critical period
CRC3 2455.9 2459.2 2457.7 2451.5 2438.8 2426.7 2409.9 2393.8 2393.8 2393.8 2393.8 2393.8
ARROW
aBS 1437.6 1428.4 1421.9 1422.1 1418.1 1407.7 1343.8 1389.5 1393.7 1397.6 1419.8 1419.8
MRC 1444.0 1444.0 1442.1 1442.1 1436.2 1434.1 1432.1 1429.8 1430.2 1431.0 1439.2 1444.0
BECC 1441.1 1435.9 1431.5 1422.8 1421.6 1398.0 1390.1 1402.3 1403.2 1406.2 1418.7 1436.8
CRC1 1441.1 1435.9 1431.5 1422.8 1421.6 1398.0 1384.2 1384.4 1387.6 1390.4 1401.4 1430.1
CRC2 There is no CRC2 because the 1995-96 Final Regulation was a one year critica
CRC3 1438.4 1437.6 1436.7 1428.6 1419.2 1407.4 1391.5 1381.4 1377.9 1378.7 1378.7 1390.1
DUNCAN
aBS 1892.1 1883.7 1880.6 1872.6 1857.4 1837.5 1808.9 1797.6 1799.9 1796.8 1834.5 1834.5
MRC 1892.0 1892.0 1892.0 1892.0 1868.6 1853.0 1838.0 1838.0 1839.2 1841.3 1854.4 1873.7
BECC 1890.8 1887.6 1877.5 1867.5 1852.2 1842.2 1835.8 1836.5 1837.7 1837.7 1854.7 1876.7
CRC1 1890.8 1887.6 1877.5 1867.5 1852.2 1842.2 1814.2 1806.7 1796.5 1795.0 1818.8 1853.5
CRC2 There is no CRC2 because the 1995-96 Final Regulation was a one year critica
CRC3 1833.7 1843.4 1852.0 1856.0 1840.3 1829.0 1823.1 1806.8 1807.0 1796.9 1795.2 1823.2
LI BBY
aBS 2452.3 2448.7 2439.3 2425.2 2402.1 2370.3 2339.3 2339.7 2337.7 2343.8 2399.5 2442.1
MRC 2459.0 2459.0 2459.0 2448.0 2411.0 2419.5 2427.9 2432.1 2433.1 2435.0 2443.9 2459.0
BECC 2439.0 2432.4 2430.9 2428.4 2411.0 2406.9 2403.6 2400.5 2399.6 2399.5 2424.2 2449.9
CRC1 2439.0 2432.4 2430.9 2428.4 2411.0 2406.9 2403.6 2400.3 2399.1 2397.2 2413.3 2416.0
CRC2 There is no CRC2 because the 1995-96 Final Regulation was a one year critica
CRC3 2442.4 2439.6 2428.6 2427.1 2412.4 2365.4 2330.9 2324.9 2316.4 2308.6 2301.2 2346.1
HUNGRY HORSE
aBS 3543.2 3537.7 3531.9 3528.4 3511.1 3488.8 3468.2 3449.1 3434.5 3442.0 3516.7 3553.4
MRC 3560.0 3560.0 3555.7 3555.7 3555.7 3547.6 3540.0 3531.0 3526.7 3522.3 3544.1 3560.0
BECC 3540.1 3535.1 3529.1 3522.7 3515.5 3507.3 3501.1 3498.2 3502.2 3508.2 3542.8 3556.9
CRC1 3540.1 3535.1 3529.1 3522.7 3515.5 3507.3 3499.8 3491.0 3488.6 3494.0 3529.6 3552.7
CRC2 There is no CRC2 because the 1995-96 Final Regulation was a one year critica
CRC3 3470.6 3456.7 3429.2 3424.2 3419.0 3402.4 3390.2 3381.2 3358.1 3367.9 3358.1 3436.1
KERR
aBS 2892.8 2892.3 2891.9 2888.9 2887.6 2887.5 2885.9 2885.4 2885.7 2887.1 2891.5 2891.5
MRC 2893.0 2893.0 2893.0 2893.0 2893.0 2893.0 2893.0 2893.0 2883.0 2890.0 2890.0 2893.0
BECC 2893.0 2892.5 2892.8 2891.2 2888.1 2885.3 2883.5 2883.0 2883.0 2883.1 2890.0 2893.0
CRC1 2893.0 2892.5 2892.8 2891.2 2888.1 2885.3 2883.5 2883.0 2883.0 2883.1 2890.0 2893.0
CRC2 There is no CRC2 because the 1995-96 Final Regulation was a one year critica
CRC3 2893.0 2893.0 2893.0 2891.9 2890.9 2889.6 2887.2 2885.0 2883.7 2883.3 2884.6 2890.0
ALBENI FALLS
aBS 2062.2 2060.2 2055.4 2055.3 2055.6 2055.6 2056.0 2055.3 2055.3 2057.6 2064.8 2061.8
MRC 2062.5 2062.5 2060.0 2056.0 2056.0 2060.0 2060.0 2056.0 2056.0 2056.0 2062.5 2062.5
BECC 2062.5 2060.0 2055.0 2055.0 2055.0 2055.0 2055.0 2055.0 2055.5 2056.0 2057.0 2062.5
CRC1 2062.5 2060.0 2055.0 2055.0 2055.0 2055.0 2055.0 2055.0 2055.5 2056.0 2057.0 2062.5
CRC2 There is no CRC2 because the 1995-96 Final Regulation was a one year critical period
CRC3 2062.0 2062.0 2060.0 2054.0 2051.0 2051.0 2051.0 2051.0 2051.0 2051.0 2054.0 2057.0
GRAND COULEE
aBS 1280.3 1281.7 1284.7 1284.8 1274.2 1263.0 1243.2 1288.7 1219.6 1210.9 1251.7 1284.1
MRC 1290.0 1290.0 1290.0 1290.0 1290.0 1290.0 1288.7 1282.2 1281.0 1281.0 1288.2 1290.0
BECC 1280.1 1285.0 1287.2 1286.0 1281.0 1287.4 1290.0 1283.1 1277.9 1280.1 1280.1 1280.1
CRC1 1280.1 1285.0 1287.2 1286.0 1281.0 1287.4 1290.0 1283.1 1277.9 1280.1 1280.1 1280.1
CRC2 There is no CRC2 because the 1995-96 Final Regulation was a one year critical period
CRC3 1288.1 1288.1 1288.1 1288.1 1290.0 1287.2 1283.6 1270.8 1247.2 1248.6 1248.1 1255.0
DWORSHAK
aBS 1535.6 1519.5 1520.0 1523.2 1531.4 1519.4 1488.6 1466.4 1448.2 1455.2 1556.6 1598.6
MRC 1600.0 1587.7 1581.9 1568.9 1558.2 1555.5 1558.2 1570.2 1581.2 1571.3 1592.9 1600.0
BECC 1517.8 1515.3 1512.1 1508.7 1506.6 1502.4 1499.5 1508.6 1530.3 1545.5 1591.4 1599.8
CRC1 1517.8 1515.3 1512.1 1508.7 1506.6 1502.4 1499.5 1502.2 1511.3 1520.1 1541.0 1530.7
CRC2 There is no CRC2 because the 1995-96 Final Regulation was a one year critical period
CRC3 1563.7 1563.1 1562.4 1563.3 1565.3 1558.2 1559.8 1562.2 1576.7 1589.0 1582.8 1586.5
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B. PROJECT OPERATION

The operation of theindividual projectsis discussed
in downstream order, beginning at the headwaters of the
Columbia River. Operation of each project is generally
discussed chronologicaly beginning in the summer or early
fall of the preceding water year. Exceptionswill be noted
by including the calendar year. The locations of these
projects are shown on the maps in Chapter |, pages 3
through 6.

1. Mica Project

Kinbasket Lake was formed by the construction of
Mica Dam near the Big Bend on the upper Columbia River
in east-central British Columbia. The project is part of the
Columbia River Treaty between the United States and
Canada and is owned by BC Hydro and Power Authority
(BCH or BC Hydro) and is operated primarily for power
and flood control. This year's operation is graphically
shown on Charts 5 and 57.

The Micareservoir (Kinbasket Lake) surface elevar
tionon July 31, 1996 was 2470.4 ft, 4.6 ft below full pool
level. Thereservoir continued tofill in August, reaching its
peek devation for the year, 2475.4 ft, on September 1 and
remained above 2460.0 ft until early November. Mica
Treaty storage, expressed in volume and not reservoir level,
was 6.657 maf (3356 ksfd or 95% of full) on July 31,
1996. Mica Treaty storage continued to refill during
August, reaching a maximum of 7.00 maf (3529 ksfd or
100% of full) on August 12. Actual Mica discharges were
fairly high throughout the summer, and the Mica Treaty
flex reached 829 kaf (418 ksfd) on August 31. Mica
powerhouse discharges during November and December
averaged about 37 kcfs and 29 kcfs, respectively, as the
reservoir drafted to 2427.2 ft by December 31 at which
time Treaty storage was 4.25 maf (2142.7 ksfd).

In January, the inflows decreased to 1.0 kcfs or less
and then gradually increased between February and mid-
April beforethe start of spring freshet, Non-Treaty Storage
reached 75% of the full amount. Mica powerhouse dis-
charges for January averaged around 26.4 kcfs which
continued to decrease over thewinter season. The reservoir
drafted to 2401.1 ft by February 28, with Treaty Storage at
2.00 maf (1007.1 ksfd) and Mica Treaty flex at 647 kaf
(326 ksfd) on that date. The BC Hydro NTSA (non-Treaty
storage all ocation) remained unchanged at 1688 kaf (851
ksfd) in February and March. Mica Reservoir continued to
draft during March and April, reaching its lowest level for
the year at 2383.6 ft on April 25, which was 21 ft lower
than the previous year’ slow. Mica Treaty Storage reached
a minimum of 0.11 maf (or 56 ksfd), on April 30 with
Micaflex storage reaching 50 kaf (25 ksfd).

Powerhouse discharge in April was about 15 Kkcfs,
dropping to an average of about 3 to 3.5 kcfsin May and

June when the corresponding plant generation was less than
10% of plant capacity. With the start of the spring freshet
in early May, Mica discharges were reduced and the
reservoir refilled quickly. At the end of May, the Mica
Treaty flex storage had been increased to 165 maf (83
ksfd). Treaty discharge was 10 kcfs for May and June,
allowing Treaty storage to refill to 6.62 maf (3336.9 ksfd
or 94% of full) by July 31. Local inflows were the highest
in June and July averaging about 66 kcfs and 59 kcfs
respectively. Actual Mica discharges during July averaged
20 kcfs, resulting in the Mica Treaty flex storage of 59 kaf
(29 ksfd) by the end of July as the reservoir refilled to
2471.1ft. The powerhouse discharge increased to 21 kcfs
with plant generation at about 45% of plant capacity in
July.

Thereservoir leve remained within afoot of full pool
between August 8 and 19 before receding. Treaty storage
reached its maximum allowed volume at 7.00 maf (3529
ksfd) on August 12. The inflows decreased to less than 30
kcfs by mid-September.

The peak daily inflow was 95.44 kcfs on June 17,
with a corresponding outflow of 3.5 kcfs, the maximum
daily outflow was 38.79 kcfs on July 24.

2. Revelstoke Project

The Revelstoke project, located on the Columbia
River between Mica Dam and Arrow Lakes, is owned by
BC Hydro and is operated primarily for power generation.
Thisyear's operation is graphically shown on Chart 6.

During this operating year the Revelstoke project was
basically operated as arun-of-river plant, maintaining the
reservoir within 4.8 ft of its normal full pool level of
1880.0 ft. During the spring freshet, June through August,
the reservoir level was operated as low as 1875.4 ft to
allow contral of high local inflows.

3. Keenleyside Project (Arrow Reservoir)

Keenleyside Dam was constructed as part of the
Columbia River Treaty between the United States and
Canadaand is owned and operated by BC Hydro for flood
control and downstream power generation; it has no on-
site hydropower facilities. The reservoir controlled by
Keenleyside Dam consists of two tandem natural lakes,
Upper and Lower Arrow Lakes, on the Columbia River in
southeastern British Columbia. During normal operation,
theland area between the lakes is flooded, creating asingle
lake. Thisyear'soperation is graphically shown on Charts
7 and 58.

Arrow Lakes reached a maximum level on July 10,
1996, 1442.6 ft and then drafted dightly to 1442.4 ft by
July 3 a which timethe Arrow Treaty storage account was
full a 7.10 maf. Thenit wasdrafted owly to 1428.4 ft by
the end of September followed by discharges averaging 55
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kcfs in October, 50 kcfs in November, and 45 kcfs in
December, drafting the reservoir to 1418.1 ft by December
31, whenthe Arrow Treaty storage at 4.9 maf (2447 ksfd,
or 68% of full).

In early January, BC Hydro requested that Arrow
outflows be selectively reduced below Treaty requests to
keep river levels at acceptable and maintainable levels
during whitefish spawning and later emergence. BPA
agreed to this under terms of the Non-Power Uses Agree-
ment and so the treaty requests were reduced with atotal of
400 kaf (202 ksfd) held back. This storage was later
returned and the Canadian Treaty Storage returned to the
Treaty Storage Regulation (TSR) levels. Arrow Lakes
continued to draft during the January-March period when
the local inflows ranged between 5.0 to 5.8 kcfs.

Arrow Reservoir reached its lowest level for the year,
1389.5 ft, on March 31, at the same time Arrow Treaty
Storage reached its minimum at 0.78 maf (392 ksfd or 11%
of full). During April, Arrow discharge was kept between
15-20 kcfsin an attempt to insure that rainbow trout would
not spawn high on the river banks that might be out of the
water if river flows decrease.  Several trout redds, which
were de-watered, were kept wetted for alimited time using
a pump and sprinkler system. From April through June,
Arrow was operated under the terms of two Operating
Committee agreements. Operation of Treaty Storage for
Enhancement of Whitefish Spawning for January 1
through April 30, 1997, and Operation of Treaty Storage
for Enhancement of Trout Spawning for March 1
through July 31, 1997. These agreements alowed the
Arrow project flowsto be maintained and avoid dewatering
rainbow trout redds. With the low discharge throughout
April and most of May, and start of spring freshet in mid-
May when high inflows occurred, the Arrow Reservoir
leve roseto 1397.6 ft by April 30 and to 1419.8 ft by May
31 and continued to fill in June dueto higher inflows. With
the start of the spring freshet, increasing discharges from
the Kootenay River crested abackwater effect on the Norns
Creek Fan, a prime spawning location for rainbow trout.
Discharge from Arrow was held at 20 kcfs for the first
three weeks of May and gradually increased throughout
June, raising the pool to 1437.4 ft by June 30. Except for
a few days near the end of June, Arrow Lake dightly
exceeded the Treaty flood control curve levels during June
and early July.

Arrow discharge was increased substantialy in July
as Arrow Treaty Storage neared full and the reservoir
reached itshighest level for the year, 1444.1 ft on July 31,
dightly abovefull pool elevation of 1444.0 ft. The Arrow
discharge peaked for the summer at 94.6 kcfson July 17
and the Arrow Treaty storage content continued to fill and
reached full (7.1 maf) on July 31. With the increased
project discharges in late July and August, Arrow Lakes

drafted to approximately 1439.0 ft by the end of August.
To minimize spill a the Canadian Kootenay River plants
and maintain Lake Koocanusa (Libby Reservoir) water
levels in Canada for resident fish and recreation, the
Canadian and US Entities agreed to a Libby-Arrow water
transfer (swap) for late summer. Under the agreement,
Libby release was reduced by atotal of 377 kaf (190 ksfd)
through August and instead, an equal amount of water was
released from Arrow. This water, effectively stored in
Libby, will bereturned to Arrow in the October to Decem-
ber period as part of the agreement.

The peak daily inflow was 121.5 kcfs on July 9, with
a corresponding outflow of 60.0 kcfs while the unregulated
peak inflow was 214.5 kcfs on May 31 and the maximum
daily outflow was 94.6 kcfson July 18.

4. Libby Project (L ake K oocanusa)

Lake Koocanusa and Libby Dam, on the Kootenai
River in northwest Montana, were constructed as part of
the Columbia River Treaty with Canada and are operated
by the Corps of Engineers for power, flood control, and
recregtional benefits. The lake extends from the dam near
Libby, 60 river miles to the international border and
another 30 miles (at full pooal) into British Columbia. This
year's operation is graphically shown on Charts 8 and 59.

Lake Koocanusa started the operating year full, at
2459.0 ft, 2.4 higher than last year. The first 12 days of
August saw Libby releasing 24 kcfs which was then
reduced to 12-14 kcfs for the remainder of the month
because of high water difficulties near Bonners Ferry.
Libby did not release its full BiOp volume allocation due
to the Arrow Libby swap of nearly 377 kaf (190 ksfd),
which was ddivered from Arrow Lakesinstead. September
outflows were 8-12 kcfs for an on-going Montana Fish,
Wildlife & Parksfishery study. The observed pool level on
September 30 was 2448.7 ft, while the assured energy refill
(AER) level was 2432.3 ft. During October, Libby was
used for weekly load shaping: weekend (Thursdays
through Sundays) flows were 8 kcfs and the weekday flows
were 14.5 kcfs. By October 21 weekly load following
stopped and the project released 14.5 kcfs for nearly the
rest of the month drafting the reservoir nine feet to 2439.26
ft on October 31. Libby operated for power, fish monitor-
ing studies, and flood control in November and was drafted
about 14 feet and then maintained full load (20 kcfs on four
units, one unit was out of service due to aforced outage)
for the whole month of December. The exception was for
four days over the Christmas holiday when power loads
were down and a fish monitoring study was conducted
requiring 4 kcfs. The project was drafted to 2402.13 ft by
the end of December, which is 8.87 ft below the Upper
Rule Curve, to try to eliminate possible spill in January to
get down to anticipated low flood control € evations.
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On January 1 and February 1, the runoff volume
forecasts required the project was operated for flood
control by using all four available units at their maximum
capacity for both months. On March 1 the runoff volume
forecast was reduced so outflows in March were reduced
from 18 kcfs to 7 kcfs weekly average. Between March
17-21 and April 1-10, flat flows of 4.0 kcfsand 6.0 kcfs,
respectively, were maintained to meet flood control/refill
needs aswdl as accommodate the State of |daho’ s request
to facilitate rainbow trout spawning. Project releases in
April and May of 8.7 kcfs and 13 kcfs, respectively,
considered flood control needs as well as temporary refill
to provide higher flows for both sturgeon in June and
salmon in August.

The US Fish and Wildlife Service requested three
flow pulsing operations, up to full powerhouse capacity, to
enhance sturgeon spawning above Bonners Ferry where the
hard river bottom is more conducive to sturgeon egg
survival. These pulses were requested to take place when
the water temperature at Bonners Ferry reached 10°C,
12°C, and 14°C. Thefirgt pulsewas sent on June 5-19 and
the second pulse on June 24-28. The third pulse was not
sent due to fear of filling/spilling the reservoir in June.
However, heavy Junerain caused several “natural pulses’
for the sturgeon.

Throughout July the temperature and rainfall re-
mained below normal, resulting in the water supply fore-
cast under estimating the actual runoff. By July 16 the
outflow was ramped down to 10 kcfs causing the reservoir
to rise to near 2453 ft (6 ft from full) by the end of the
month.  Libby continued this discharge until the
Libby/Arrow swap (see Chapter IV, Section H) was
initiated on August 13 when the outflow was increased to
14.5 kcfs with a total of 377 kaf (190 ksfd) swapped
(stored in Libby while an equal amount was released from
Arrow). The maximum reservoir level reached was
2454.82 ft on August 12 and by the end of August it was
2450.12 ft, less than 10 ft from full. September outflows
were weekly shaped for power production: higher flows
during the week and lower flows during the weekend. This
weekly operation, in lieu of daily shaped flows, wasto help
improve the general hedth of the river. The pool on
September 30 was 2447.38 ft while the proportional draft
point (PDP) level was 2441.3 ft.

The peak daily inflow during the water year was
80.3 kcfs on June 2, with a corresponding outflow of
12.0 kcfs. Maximum daily outflow was 28.0 kcfs on
severa daysin June.

5. Kootenai River at BonnersFerry

TheKootenai River at Bonners Ferry, Idaho, amajor
control point for the flood control operation of Libby Dam,
is located 82 miles downstream of Libby Dam. Its stages

are affected by both river flow and by backwater from
Kootenay Lake. Thisyear'soperation is graphically shown
on Chart 60.

The peak regulated stage was 1764.4 ft on May 17
while Libby was releasing 4.0 kcfs and the unregulated
peak stage would have been 1779.9 ft, well above the
1766.5 ft bankfull stage.

6. Duncan Project
Duncan Dam and Lake on the Duncan River, a

tributary to Kootenay Lake in southeastern British Colum-
bia, was congtructed as part of the Columbia River Treaty
between the United States and Canada. The project is
owned and operated by BC Hydro and, although it has no
on-site power-generating facilities, it is operated for
downstream power generation and for flood control. This
year's operation is graphically shown on Charts 9 and 61.

Duncan Reservoir level was 1882.2 ft (dightly above
full) on July 31, 1996 and passed inflow during August;
then during September its discharged was increased to an
average of 5.5 kcfs to maintain both the Kootenay Lake
levels and outflows. Project discharge was reduced to an
average of 3.5 kcfsin October and remained at that level
for most of November and decreasing to 2 kcfsin first half
of December. Higher discharges between mid-December
and February were necessary to again support Kootenay
Lakelevelsand flows. Duncan Reservoir was at 1857.4 ft
(58% of full) on December 31. These operations contrib-
uted to Duncan reservoir levels remaining at or below the
flood contral curvein this operating year. During January,
project discharge increased to about 6 kcfs which continued
the reservoir drafting throughout February and into mid-
March to meet Kootenay Lake 1JC levels. Duncan reser-
voir exceeded its Treaty flood control curve slightly near
the end of February and then continued to draft another 6
ft below the flood control curve between March and May
1. The reservoir reached its lowest leve for the year at
1796.6 ft (2.2 ft above empty) on May 1 when project
discharge was reduced to minimum, 100 cfs, to begin
refilling the reservoir. Thereservoir reached 1834.4 ft on
May 31 and 1879.7 ft on June 30. Duncan remained on
minimum discharge until July 4 when discharge was
increased to dow the rate of reservoir refill. Duncan
Reservoir reached 1892.0 ft, full pool, on July 15 and
exceeded it by 0.1 ft on July 30. Duncan passed inflow
during August to maintain the reservoir near full pool and
on September 1 discharge was increased to start drafting
the reservoir and to fill Kootenay Lake.

The peak daily inflow was 23.8 kcfs on July 8 with
a corresponding outflow of 7.0 cfs and the maximum daily
outflow was 14.1 kcfson July 17.
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7. Kootenay Lake

Kootenay Lakeisalarge natural lake on the Kootenay
River in southeastern British Columbia which has most of
its inflow regulated by Libby and Duncan dams. The
seasonal regulation of the lake leve is governed by rules
established by the International Joint Commission (1JC) as
agreed upon by the United States and Canada. Outflow
from the lake is discharged through a series of instream
powerhouses and/or diverted to the offstream Kootenay
Canal Plant before it joins the Columbia River below
Brilliant Dam near Castlegar, British Columbia. Although
CorraLinn Dam, the project immediately downstream from
the lake, controls the lake level, a constriction in theriver
channd at Grohman Narrows, between the lake and the
dam, limits the maximum project outflow both during
periods of high flows and when the lake approaches its
minimum level. Thisyear’soperation is graphically shown
on Charts 10 and 62.

The level of Kootenay Lake at Queens Bay was
1746.4 ft on July 31, 1996, while the level at Nelson, BC,
was below the summer 1JC operating level of 1743.32 ft.
Discharges were adjusted to pass inflow during August
through December then, beginning in January and continu-
ing to mid-March, Kootenay Lake was drafted to avoid
violating the 1JC order, lowering the lake level to alow of
1739.7 ft on March 19. The lake then started to fill with
thelocal inflowsinto Kootenay Lake peaking on March 23
at 53.9 kcfs. At thistime the discharge was about 26 kcfs
causing the lake exceeded the 1JC level by up to one foot
between March 20 and April 1. This was not a Treaty
violation, however because the exceedence was due to
extraordinarily high natural inflow conditions which are
allowable under the 1938 1JC Order on Kaootenay Lake.
The outflow from Duncan was reduced to its minimum to
lower the Kootenay Lake level to the 1JC limit. The lake
remained below the 1JC levels for the remainder of the
water year.

Mainstem inflows to Kootenay Lake increased
starting mid-April filling the lake to its peak level for the
year, 1752.9 ft, on June 12 where it remained until June 16,
before starting to draft. With receding runoff in late June
and reduced Libby discharge in July, Kootenay Lake
drafted. The Nelson gage dropped below the 1JC summer
level of 1743.32 ft on August 12 after which lake dis-
charges were adjusted to keep the Nelson gage below the
1JC level until the end of August, reaching its lowest level
for the year, 1743.6 ft, on September 1. During Septem-
ber, due to late occurrences of heavy rainfal, lake dis-
chargeswere adjusted to gradualy refill the reservoir and
on September 30, the lake was at 1744.42 ft.

There was a change this year in methodology for
cdculating the 1JC levels. The past interpretation had been
that the regulated inflows (equal to or less than the natural
flows) into Kootenay Lake should be used for the calcula

tion of the 1JC level. An interpretation on the |JC order
was requested from the Board of Control by the US Army
Corps of Engineers. The Board ruled that the natural
(unregulated) flows are to be used in the calculation.

8. Columbia River at Birchbank

The Columbia River at Birchbank, British Columbia,
includesthe effects of regulation of all the Columbia River
Treaty Projects. Itsflow isregulated by the use of storage
in Kinbasket, Arrow, Koocanusa, Duncan, and K ootenay
Lakes. Thisis the portion of the Grand Coulee inflow
contributed by the Columbia and Kootenay rivers. The
Flathead/Pend Oreille River enters the Columbia down-
stream of the Birchbank gage. This year's operation is
graphically shown on Chart 63.

The unregulated daily peak flow at Birchbank was
313.96 kcfson June 18 and the observed peak was 160.24
kcfs on July 16. Thus, the Treaty storage reduced the
Columbia discharge well below the 225 kcfs level of
discharge for bankfull and flood stage.

9. Hungry Hor se Proj ect

Hungry Horse, a Section 7 Project on the South Fork
Flathead River near Kalispell, Montana, is owned and
operated by the Bureau of Reclamation for flood contral,
power, recreation, and fisheries. Thisyear’s operation is
graphically shown on Charts 11 and 64.

On October 1, 1996, the lake was at 3537.9 ft after
its peak of 3560.69 ft on July 31, drafting for downstream
fishmigration. The reservoir began mandatory drafting in
October with atarget level (BECC) of 3515.0 ft by January
1. Because of early snow accumulation, reservoir releases
were increased to between 6000 cfs and 8000 cfs on
December 10 to provide a constant winter drawdown
schedule. By April 20 the reservoir had been pre-drafted
130 ft to 3430.51 ft, the May 1 flood control target. At
this time rel eases were reduced for about six weeks to put
in place a protective relaying system between the units and
new transformers. Due to the high potential for flooding
the spillway flashboards were removed. During the refill
period releases were not provided through the outlet works
so thetotd dissolved gas standard would not be exceeded.
The reservoir inflow increased quickly after May 1 filling
the reservoir to its maximum of 3559.82 ft on July 31.
Releases were provided for ESA operations during August,
following the officid TMT weekly forecasts. The reservoir
was drafted 20 ft to 3540.00 ft by September 22 and by
September 30 the reservoir drafted to 3537.50 ft. A
kokanee spawning flow of at least 3500 cfs was provided
at Columbia Falls throughout the entire year.

The pesk inflow of 41.9 kcfsoccurred on May 17 and
the maximum outflow was 12.7 kcfs on June 22.
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10. Flathead R at Columbia Falls

Discharges on the Flathead River at Columbia Falls
gage record the combined flows of the North, Middle and
South forks of the Flathead River. The flows on the North
and Middle forks are uncontrolled and those of the South
Fork are regulated by Hungry Horse Dam. This year's
operation is graphically shown on Chart 65.

Greater than normal rainfall in June triggered snow-
melt which resulted in the year's peak stage of 15.5 ft, or
59.9 kcfs, on May 17 at the time Hungry Horse outflow
was 300 cfs. The unregulated peak was 101.6 kcfs on the
same day.

11. Kerr Project (Flathead L ake)

Flathead Lake is a natura lake, the level of whichis
controlled by Kerr Dam which isowned by Montana Power
Company and is licensed to be operated for power, flood
control, and recreation. Spring refill of Flathead Lake is
coordinated with the Corps of Engineers Reservoir Control
Center to control flooding of the agricultural lowlands
between Kdispd| and Flatheed Lake. Thisareais proneto
flooding if the lake reachesitsfull level, 2893.0 ft, coinci-
dent with the river flow being above 45 kcfs. Thisyear's
operation is graphically shown on Charts 12 and 66.

In late October Flathead Lake began agradual draft
from near full pool, which lasted throughout the autumn
and winter months, for power production and spring flood
control, reaching its minimum level for the year, 2884.81
ft on March 20. Refilling was dlow until late April when
inflows beganincreasing rapidly. The heavy rains of mid-
May caused concern about overfilling the lake which
greatly increased project discharges during late May and
part of June.

The observed lake gage at Somers crested at 2893.0
ft on July 11 (unregulated 2895.6 ft on June 7 - areduction
of 2.6 ft), and the project outflow near Polson peaked at
52.2 kcfs on June 15 (unregulated 74.8 kcfs on June 7).

The peak seasonal inflow was 59.9 kcfs on May 16,
the unregulated peak inflow was 101.6 kcfs on May 17,
and the peak lake level was 2892.99 ft on August 11.

12. Albeni Falls Project (Pend Oreille L ake)

Pend Oreille Lake is a natura lake, whose outflow
and lake level are controlled by constrictions in the outlet
channel and by Albeni Falls Dam, a Corps project that is
operated for flood control, power, and recreation. The dam
islocated 29 miles downstream of Pend Oreille Lake on the
Pend Oreille River. Although the dam controls the lake
leve, theriver channd between the lake and the dam limits
the project outflow during both high flow periods and when
the lake is near its minimum level. Inflow to Albeni Falls
Dam is affected by the regulation of upstream impound-
ments, namey Hungry Horse and Flathead Lake (Kerr

Dam) on a seasonal basis, and by two Washington Water
Power projects, Noxon Rapids and Cabinet Gorge, on a
daily basis. Thisyear'soperation is graphically shown on
Charts 13 and 67.

The annua autumn drawdown of Pend Orellle Lake
began immediately after Labor Day, drafting to 2060.0 ft
on October 3. The lake continued drafting with discharge
averaging 18.9 kcfsin October and 17.3 kcfsin November.
Thiswas the second year of athree year fish habitat study
to test if cleaner gravels at higher lake levels are more
conducive to spawning of kokanee salmon in Lake Pend
Oreille. Normally, 2051.0 ft is the minimum winter lake
elevation but in this study, the minimum elevation was
2055.0 ft. The study is a Fish and Wildlife measure
adopted by the Northwest Power Planning Council and
conducted by the Idaho Department of Fish and Game. At
theend of October and November, the |ake was at 2055.4
ft and 2055.3 ft, respectively. The minimum level, 2055.0
ft, was established for January through March. The
maximum flood control rule curve elevations for January,
February, and March were 2060.0 ft, 2060.0 ft and 2056.0
ft, respectivdly. Theproject stayed at or below these levels
through March. In April, the project reached 2057.57 ft,
which exceeded its maximum flood control rule curve by
1.57 ft. The project continued to fill during the spring
runoff in May and June even though on April 21 the project
went to free flow (no generation, all spill), which continued
through June 24, to get amaximum amount of water out of
thelake (the generating units can only operateif thereis at
least 8 ft of head). Project discharges averaged 42.5 kcfs,
100.7 kcfs, and 116.2 kcfs in April, May, and June,
respectively. By June 24 the project had drafted to
2061.96 ft, 0.04 ft below its maximum flood control rule
curve. Between June 24 and September 7 the lake was
maintained between 2062.0 ft and 2062.5 ft.

The observed lake inflow peaked at 152.7 kcfs
(unregulated 170.8 kcfson May 31), the lake gage at Hope
crested at 2065.7 ft on June 4 (unregulated 2068.3 ft on
June 8 - a reduction of 2.6 ft), and the project outflow
peaked at 138.2 kcfs on June 5 (unregulated 159.4 kcfs on
June 8).

13. Grand Coulee Project

Grand Couleeis owned by the Bureau of Reclamation
and operated for flood control (under Section 7 of the 1944
Flood Control Act), power, irrigation, recreation, fisheries,
and navigation. Thisyear’soperation is graphically shown
on Charts 14 and 68.

Because of high runoff volume forecasts this winter
he operational objective for the Columbia River was to
provide enough flood control space and still meet the
Biologica Opinion (BiOp) flows. The early runoff allowed
target flows to be met until late August. Releases were
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made in July and August to meet Endangered Species Act
(ESA) target flow requirements of 260 kcfs for April 20-
June 30 and 200 kcfs for July 1-August 31 with Grand
Coulee drafting to 1280.0 ft.

On October 1, Grand Coulee Reservoir, Franklin D
Roosevelt (FDR) Lake was at 1282.5 ft and was operated
above 1270.0 ft through late January. The lake was drafted
for flood control to itslow for the year at 1208.6 ft on May
4. The reservoir refilled to 1289.9 ft by July 20. FDR
continued operations of flow augmentation, normal water
budget, and ESA requirements until the end of August.
The lowest leve reached for operations was 1279.8 ft on
August 30. Thereservair filled to 1285.0 ft on September
30 and the maximum daily outflow was 295 kcfs on June
22.

14. Mid-Columbia PUD Projects

Fiverun-of-river projects located on the mid-Colum-
bia River in central Washington are operated by three
separate Public Utility Districts (PUD's) primarily for
power, flood control, fishery, and recreation. The five
projects, in downstream order, are Wells, Rocky Reach,
Rock Island, Wanapum, and Priest Rapids and the three
Public Utility Districts are those of Douglas, Chelan, and
Grant counties. Although the projects are operated by
these PUD's, 14 utilities, in addition to the three PUD's,
split ownership of the generation output of these plants.
Article 34 of the Federal Energy Regulatory Commission
licenses for these projects states that some flood control
space be provided, as instructed by the Corps, to replace
lost valley storage under certain flood potential conditions
but was not required this year. The operation of these
projects is summarized in the flow of the Columbia River
at Priest Rapids, Washington as shown on Chart 89.

Numerous special operations occurred at these
projects to assist in the downstream passage of juvenile
anadromous fish during the 1997 outmigration, including
FERC-required spill. These include: during autumn, a
coordinated effort was carried out to operate Priest Rapids
to encourage fish to spawn at lower levels in the Vernita
Bar area; from mid-October to late November (the primary
spawning period), daytime flows were held as low as
possible in an attempt to reduce the subsequent minimum
flow necessary to protect redds until emergence of fry in
early spring. The protection level was established at 65.0
kcfs.

The unregulated peak flow at Priest Rapids was 599
kcfs on June 6, and the observed peak was 414.9 kcfs on
June 12.

15. Yakima Project

The five storage reservoirs in the Yakima Basin in
Eastern Washington were operated by Reclamation for
irrigation, fish and wildlife enhancement, flood control,

power generation, and recreation. Thisyear'soperationis
graphically shown on Charts 31 and 32.

Yakima Project flood control operations started in
mid-February, with the bypassing of inflow to maintain
flood control space from the reservoir system, and contin-
ued into early July. The heavy runoff held Y akima River
at Parker flows at or above 10.0 kcfs from mid-March to
mid-June, but caused no mgjor flooding in the Yakima
River System. Y akima Project successfully maintained a
bal ance between the very high runoff forecast, maximum
flood control space and maximizing storage in July for
irrigation and carryover storage.

The system reached maximum storage for the year on
July 6 at 1,068 kaf, and was placed on storage control on
July 21. Bumping Reservoir was allowed to surcharge and
pass flow over the spillway for instream outflows while
repair work was completed on the outlet tunnel and chan-
nel. From mid-July until the end of irrigation season the
runoff in the Yakima River Basin continued to be above
normal. All entitlement water users received a full water
supply, but due to the above norma rainfall the water users
required only 82% (2.15 maf) of entitlement water to meet
their needs. The Project storage on September 30 was
585.0 kaf, 159% of normal.

With the excellent total water supply available, the
Y akimaBasin was regulated to provide target flows of 600
cfs for Yakima River at Parker, and 600 cfs for Y akima
River at Prosser. These flows are required by law in
“TITLE XII -- YAKIMA RIVER BASIN WATER EN-
HANCEMENT PROJECT”, Section 1205.

The Y akimareservoirs were aperated to enhance both
fish spawning conditions during September to mid-October
and incubation/rearing conditions from mid-October
through March 23. The bypassing of reservoir inflowsto
maintain flood space requirements or power rights sup-
ported incubation/rearing level flows for the rest of the
season.  Incubation/rearing releases from reservoirs
included 9.6 kaf from Keechelus, 40.4 kaf from Cle Elum,
0.9 kaf from Bumping Lake and 4.5 kaf from Rimrock.

Both fish spawning enhancements,” Mini-Flip-Flop”
and “Flip-Flop” operations were executed in the Yakima
River Basin. The "Mini-Flip-Flop” operation required
increasing outflows from Kachess Reservoir and decreasing
outflows from Keechelus Reservair to supply the demands
in the Easton reach of the upper Yakima River. This
provided for low spawning flows in the Yakima River
above Lake Easton. The incubation/rearing level flows
required during the winter were then supported by releases
from Keechelus Reservoir. The "Mini-Flip-Flop” opera-
tion was implemented during the week of August 25-29.

The Yakima River to Naches River, “Flip-Flop”
operation was executed for the 17th consecutive year. It
involved drawing storage from Keechelus, Kachess, and
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Cle Elum reservoirsto meet all Yakima River diversionsin
June, Jduly, August and the first few days of September.
During these months Rimrock and Bumping reservoirs
were used only to meet the Naches and Tieton river diver-
sions. In September, when low stages of river flowswere
required in the Y akima River from Easton to the mouth of
the Teanaway River, the Y akima River reservoirs were set
to meet only the spawning flow levels. Also, up to 400 cfs
was routed around that reach via the Kittitas Canal. The
Y akima system bel ow the confluence of the Naches River,
aswell asthe Naches and Tieton diversions, were met with
releases from Tieton and Bumping reservoirs. These flows
were provided, under a 1980 court order, for spring
Chinook salmon. The "flip-flop” operation, implemented
during the period September 2-10, provided alonger more
environmentally friendly ramping down of flow levelsin
the upper YakimaRiver.

Spawning flows were set at 60 cfs on the Yakima
River near Crystal Springs, 200 cfs on the Y akima River
below Easton Dam, and 200 cfs on the Cle Elum River
below thereservair. Due to the high carryover in reservoir
storage and well above normal October inflows, which at
this time required the bypass of inflows through the
reservoir system, incubation/rearing flow levels have not
been established at thistime.

16. Jackson - Palisades Project

Active gtorage in the Jackson/Palisades System
includes 847 kaf in Jackson Lake and 1.20 maf in Palisades
Reservoir, a Section 7 project, for a combined total of
2.047 maf. This system was operated as a multipurpose
unit for flood control, irrigation, recreation, fish and
wildlife, and power production. Discharge from Jackson
Lakeis measured on the Snake River at Moran, Wyoming,
and discharge from Palisades Reservoir is measured on the
Snake River near Irwin, Idaho. This year's operation is
graphically shown on Charts 33, 34, 69 and 70.

Flood control releases of 1500 cfs from Jackson Lake
Dam began in early February and were gradually increased
in mid-March from 1,500 cfs to 3,500 cfs on March 22.
Thisrelease was held until Jackson Lake Reservoir reached
a maximum flood control space of 427.0 kaf on May 5
(27.0 kaf above the maximum space called for by rule
curves). Inearly June, Jackson Lakefilled rapidly reaching
amaximum content of 874, kaf on June 11 and resulting in
the maximum release of 11.7 kefson June 12. On June 7
Jackson Lake filled into 1.06 ft of surcharge as outflows
weregradually decreased to 7,000 cfs until June 28, when
Jackson Lake came out of surcharge. In the Jackson area,
flood control levies had to be repaired and reinforced
during the peak of the runoff to prevent breaches in the
levies.

Flood control releases to make space in Palisades

Reservoir began in mid-January, reached 13.0 kcfs on
February 28 where they remained until April 8 when they
were reduced to 9.0 kcfs. The reduced outflow was
required as the reservoir approached empty to prevent the
formation of a dangerous vortex near the intake structure.
As freshet inflow increased, releases were increased to
17.0kcfsby May 7. During the rest of May releases were
adjusted to keep the Snake River near Shelley at or near
flood stage. During the last week in May and the first two
weeks in June above normal rainfall added to the rapidly
melting snow, raising the Palisades inflow to its peak of
58.5 kcfs. As the reservoir approached its maximum
capacity in the second week in June Palisades outflows
were increased quickly to its peak for the year of 40,290
cfson June 20. Thiswas the highest release since closure
of Palisades Dam in 1957 and greatly exceeded the previ-
ousrecord of 25.3 kcfsin June 1974. Palisades Reservoir
filled on June 13 and by June 20, 0.9 ft of surcharge was
used to limit the peak outflow. Widespread flooding
occurred downstream of Paisades Dam as the levies
breached near the towns of Roberts and Menan, resulting
in their evacuation. Damages included water inside of
homes, loss of farm crops, some farm land destroyed, and
major structural damage to bridges and canal diversion
facilities. By July 1 releases were reduced to 22.0 kcfs.

After the above normal runoff in 1996, contents in
Jackson Lake and Palisades reservoirs totaled 1,543 kaf on
October 1. Storageincreased steadily through the first half
of the winter until flood control rule curves dictated that
flood control space be evacuated. Drafting began on
January 10 and freshet storage began on May 6. Maximum
system content was 2,079 kaf on June 20 and the Septem-
ber 30 content was 1,746 kaf, 523 kaf above normal.

The unregulated peak flow at the Helse gage was 56.1
kcfs on June 6, and the observed peak flow was 40.3 kcfs
on June 20. Flood regulation curves were designed to

maintain flows at Heise at or below 20.0 kcfs, and flood
stageisat 24.5 kcfs.

17. Ririe Project
Ririe Reservoir is a Section 7 project on Willow

Creek in eastern Idaho that is owned and operated by the
Bureau of Reclamation for thejoint uses of irrigation, flood
control, recreation, and fish and wildlife. Its active capac-
ity of 90.5 kaf includes exclusive flood control space of
10.0 kaf. This year's operation is graphically shown on
Chart 35.

The peak daily inflow was 2,307 cfs on April 29 and
the maximum release was 1,670 cfs on May 8th. The
maximum active reservoir content was 83.1 kaf on May 18,
2,537 af into the exclusive flood control space. Storage at
the end of the water year was 62.4 kaf, 78% of capacity.
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18. American Falls Project

American Falls Dam is a Section 7 project on the
Snake River near Pocatello, Idaho, that has an active
capacity of 1,673,000 af and is operated primarily for
irrigation, power, and flood control. During theirrigation
season American Falls Reservoir is operated to meet
irrigation needs in the Snake Basin downstream from
American Fdls Dam. The Snake River near Shelley gage,
approximately 73 miles upstream from the dam, is the
control point for flood regulation in American Falls
Reservoir and for irrigation rel eases from upstream reser-
voirs. Milner Dam, located 74.0 river miles below Ameri-
can Fdls, serves as a headworks for irrigation diversion in
the middle Snake River plain. In norma years only
minimum flows pass Milner with the remainder of the flow
diverted for irrigation. This year's operation is graphically
shown on Charts 36, 37, 38 and 71.

Project releases in the fall gradually decreased
throughout October reaching 2.0 kcfs by the end of the
month. The release was reduced to 1.0 kcfs on November
13 and remained there until December 4 when outflow was
gradually increased, eventualy reaching 20.0 kcfs on
February 25. Above normal precipitation fell in Novem-
ber, December, and January requiring drafting for flood
control spacein American Falls Reservoir. Project outflow
was maintained at 20.0 kcfs until April 11, which provided
606 kaf of flood control space, then releases were gradually
decreased to 14,500 cfs by April 22. Heavy snowmelt
runoff from the Henrys Fork during May combined with
large releases from Palisades Dam and low irrigation
demand caused American Falls Reservair to fill rapidly,
reaching full capacity on June 3 while releasing 24.0 kcfs.
Inflows continued to rise as heavy rainfall persisted in the
basin, and flood flows were released from Palisades Dam,
until American Falls Dam was releasing the maximum
mean daily discharge for the year of 46.0 kcfs on June 24,
the highest measured flow since 1918. After the flood peak
passed, releases were cut rapidly until the second week in
July when they equaled normal irrigation deliveries.

Maximum storage at American Falls during the year
was 1,705.7 kaf on June 19 while the reservoir contents on
September 30 was 956.7 kaf, 434.0 kaf above normal.

19. Little Wood Project

Although it was originally constructed by Little Wood
Irrigation District for exclusive irrigation use, the Little
Wood Dam and Reservoir, on the Little Wood River in
central 1daho, has been designated as a Section 7 project
since its enlargement by the Bureau of Reclamation, to an
active capacity of 30.0 kaf, is now operated also for flood
control. The Little Wood River at Carey streamgage,
approximately 3 miles downstream from the dam, is the
control point for reservoir operations. This year's opera-
tionis graphically shown on Chart 39.

Theresarvair filled gradually from mid November in
responseto heavy rains and was followed by the extraordi-
narily heavy New Year's Day rainfall that produced the
annual peak flow of 1.30 kcfs and raised the pool to 90%
of capacity. Flood control space was evacuated following
the peak and through the end of February with a discharge
of 300 cfsand was maintained in March and most of April
by passing inflow. The reservoir started filling from the
spring freshet in mid-April, filled by May 30, and remain-
ing full until June 30. Maximum reservoir content was
30,495 af on June 5 and the storage at the end of Septem-
ber was 9,760 af, 3,300 af above normal.

Maximum mean daily springtime inflow was 1,271
cfson April 21 and peak mean daily discharge at the Carey
gage was 916 cfs on June 11.

20. Owyhee Project

Owyhee Reservoir has an active capacity of 715 kaf
and, although it was constructed by Reclamation as a
single-purpose irrigation reservoir, it can provide signifi-
cant incidental flood protection aong the lower Owyhee
River and along the Snake River from Nyssa to Welser.
Most of the largest floods from this basin result from
winter rains on snowpack over frozen ground. Thisyear's
operation is graphically shown on Chart 40.

The peak mean daily inflow was 31,590 cfs on
January 3 and the peak daily outflow was 4,154 cfs on
February 7. The spring peak inflow was 9,740 kcfs on
March 21. The reservoir reached a maximum content of
722 kaf on May 16 and the storage at the end of September
was 432 kaf, 121% of normal.

21. Boise Project
The Boise Project, Arrowrock Division, is a three-

reservoir system composed of Anderson Ranch, Arrow-
rock, and Lucky Peak reservoirs with a combined total
active storage capacity of 974 kaf. Anderson Ranch and
Arrowrock, Section 7 projects, are operated by Reclama-
tion while Lucky Peak is a Corps project that is regulated
in close cooperation with the two projects that are up-
stream. A powerhouse was retrofitted to Lucky Peak by
Seattle City Light. This system is operated as a multipur-
pose unit for flood contral, fish and wildlife, power produc-
tion, recreation, and irrigation. The Boise River at
Glenwood Bridge streamgage is the control point for the
flood control operation of the system. Thisyear's opera-
tionis graphically shown on Charts 41 and 72.

Releases from Anderson Ranch Reservoir were
maintained at 600 cfs through October and reduced to the
winter minimum release of 300 cfs on November 4 and
held at that level until December 26 when they were
increased to 600 cfs. In mid January the release was
increased to 1,600 cfs and further increased later in the
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month reaching atotal discharge of 3,000 cfs by January
28. The Anderson Ranch release was maintained at
3,000 cfsuntil mid April when it was reduced to 2,600 cfs
and in mid May it was increased to 3,000 cfs and held at
that rate until early June. Asthe reservoir filled the release
was gradualy increased, reaching amaximum discharge of
5,586 cfs on June 13. The release was subsequently
reduced to 1,600 cfs by July 7 and maintained at that rate
until August 6 when the release was reduced to 600 cfs, the
summer minimum release rate, and was maintained at that
rate through the balance of the water year.

The flow of the Boise River below Lucky Peak
Reservoir was set at 240 cfs at the end of the irrigation
season, and maintained at that level until flood control
releases were initiated on December 26. Extremely heavy
rains and warm temperatures prevailed in the Boise Basin
from mid-December through early January resulting in
extremely high runoff on January 1 and 2. The mean daily
inflow into the Boise River reservoirs on January 2 ex-
ceeded 24,000 cfs with the estimated instantaneous peak
inflow of approximately 29,000 cfs. The reservoir system
contained the runoff and prevented severe flooding along
the Boise River. On January 10 the release from Lucky
Peak Reservoir was increased to 6,500 cfs, the flood
control target flow and then, due to continued heavy
precipitation and record level runoff forecasts, the release
was increased to 7,000 cfs, flood stage, on January 31.
The flow of the Boise River at Glenwood Bridge was
maintained at or near flood stage from then until early May
while the maximum release from Lucky Peak Reservoir
was 9,766 cfson April 20. (The difference between Lucky
Peak releases and flow at the Glenwood Bridge gaging
station isdiverted for irrigation, primarily by the New Y ork
Canal, upstream of Boise.) The spring freshet peak daily
inflow was approximately 22.0 kcfs on May 17, with an
outflow of 8.0 kcfs. Flood control releases continued until
June 29 when the freshet was over. The flow of the Boise
River was maintained at or below flood stage throughout
the runoff period and the reservoir system was filled to
99.1% of capacity by early July. Between mid-July and
late August 40 kaf was released from Boise River reser-
voirs for salmon flow augmentation.

Content in the three reservoir system on September 30
was 564 kaf, 134% of normal.

22. Malheur Project

Beulah (Agency Valey Dam) and Warm Springs
Reservoirs were originally constructed and operated as
single-purposeirrigation reservoirs. Since the construction
of Bully Creek Reservoir in 1962, all three of these Section
7 reservoirs are operated for multipurpose benefits and
have acombined active capacity of 281 kaf. The Malheur
River is similar to the Owyhee River in that the major

floods are usually caused by rain on frozen and snow-
covered ground. The Malheur River at the Vae, Oregon,
streamgage is the control point for flood control operation
of the reservairs, with the primary goal of limiting flowsto
8,000 cfs. Thisyear's operation is graphically shown on
Charts 43, 44, and 45.

Flood control operations in the Malheur Basin
prevented serious flooding during the January 2 flood
event. The downstream flow briefly exceeded 8,000 cfs
with reports of some minor flooding of low-lying farmland
between Vae and Ontario, Oregon. Without the reservaoirs,
the estimated instantaneous flow would have been in the
16,000 cfsrange.

Warm Springs Reservair reached a maximum storage
volume of 188 kaf on May 19 and drafting to 89 kaf by the
end of weter year. End of year carryover storage in Beulah
Reservoir was 23 kaf. Bully Creek Reservoir reached a
maximum storage volume of 30 kaf on April 14 and ended
the year with carryover storage volume of 11 kaf.

23. Payette Project
The Payette River reservoir storage system includes

Cascade and Deadwood reservoirs which have a combined
total active storage capacity of 815 kaf. These reservoirs
were originally constructed by Reclamation for irrigation
and power purposes, but now are also operated informally
for incidental flood control. The control point for flood
control operation of these projects is the Payette River near
Horseshoe Bend streamgage at river mile 60.8. A second
key streamgage is the Payette River near Emmett at river
mile 38.4. Approximately 65% of the drainage basin
above Horseshoe Bend is unregulated. Thisyear's opera-
tionis graphically shown on Charts 42 and 73.

From mid Octaber through early December the release
from Cascade Reservoir was maintained at the minimum
release rate of 200 cfs, the natural flow water right of the
Idaho Power Co powerplant at Cascade Reservoir. On
December 5 project releases were increased to 1,000 cfsto
draft the reservoir for snowmelt runoff flood control and
were generally maintained between 1500 cfs and 3800 cfs
until late June. On four occas ons these flows were reduced
to the minimum of 200 cfs to minimize downstream flows
during extremely high runoff periodsin early January, early
February, in mid April, and in mid May. Severeflooding
affected the Payette Basin in early January when daily
inflow into Cascade Reservoir peaked at 11,262 cfs on
January 1. The peak flow of the Payette River near
Emmett was estimated at about 33,000 cfs on January 2
(flood stage is 16,000 cfs at Emmett) with an unregulated
peak flow on January 2 at Emmett of about 45,000 cfs.
Water stored upstream at Cascade and Deadwood reser-
voirs and Payette Lake reduced the flood peak by about
12,000 cfs. No significant flooding occurred in the Payette
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basin except for the high flows of early January. Cascade
Reservair filled on July 1 and was maintained at full pool
through July 11. Asthe reservoir began to draft in mid-
July the release rate was set at 1,500 cfs to provide for
ddivery of water for irrigation and salmon flow augmenta-
tion. Releases gradually decreased after Labor Day,
reaching 700 cfs by the end of the water year.

The release from Deadwood Reservoir was main-
tained at the winter minimum release rate of 50 cfs from
the beginning of the water year until early December when
flood control releases were initiated, increasing outflowsto
100 cfs and subsequently increased to 200 cfs on Decem-
ber 11 but were mostly in the range of 300 to 800 cfs.
Flood control releases continued until June 8 when the
reservoir filled. Asin the case of Cascade Reservoir, the
Deadwood rel ease was reduced to the 50 cfs minimum to
minimize downstream flow during high runoff periodsin
early January, early February, and mid April and mid May
with the maximum release for flood control evacuation,
1,280 cfs, occurred on February 18. The peak inflow into
Deadwood Reservoir was 2,826 cfs on May 17. Subse-
guent to filling the maximum flow from Deadwood was
1,437 cfson June 15.

A total of 155 kaf was obligated for release for
salmon flow augmentation. About 109 kaf was released
from Cascade and Deadwood reservoirs between mid-July
and September 2. The remaining 46 kaf is to be released
between late November and January 1998. Some of the
water released from Cascade Reservoir for thispurposeis
water conveyed downstream from Payette Lake.

Carryover in Cascade Reservoir on September 30 was
507 kaf, 129% of normal while Deadwood Reservoir
carried over 120 kaf, or 200% of normal.

24. SnakeR at Weiser

Snake River at Weiser flows are highly regulated by
upstream irrigation diversions and reservoir storage
operations previoudy discussed in this chapter. These
operations normally resultsin afairly smooth hydrograph
at Weiser. Thisyear's operation is graphically shown on
Charts 46 and 74.

A major rain on snow event in late December and
early January established the peak flow for the year. The
computed unregulated peak flow at Weiser was 154.6 kcfs
on January 2 and the observed peak was 81.8 kcfs on
January 3, whichisjust shy of the record flow of 83.8 kcfs
established in 1952, and third highest since record keeping
began in 1910. (Peak flow in 1921 was aso dlightly
higher.) Operation of the Boise, Payette, and Owyhee
Projects were responsible for an approximate 50% flow
reduction at the Weiser gage during the January flood. The
spring freshet peak observed flow was 60.5 kcfs of June 17
and the unregulated peak was 122 kcfs on May 19.

25. Powder Project
Phillips Lakeisformed by Mason Dam on the Powder

River in eastern Oregon that is owned by Reclamation and
is operated by the Baker Valley Irrigation District as a
multipurpose project with 17 kaf for exclusive flood
control, 21 kaf for joint use, and 52.5 kaf for active
conservation use, for a total active capacity of 90.5 kaf.
The control point for flood control regulation is the Powder
River at Baker streamgage, which should be controlled to
500 cfs, if possible. This year's operation is graphically
shown on Chart 88.

High flows in early January affected the basin as
elsewhere in the region. The peak flow of the Powder
River at Baker City was 554 cfson January 1. Storage of
high inflows in Phillips Reservoir substantially reduced
downstream flooding as the peak mean daily inflow on
January 1 was 1073 cfswith arelease rate of only 11 cfs.
Releases for snowmelt runoff from Phillips Reservoir were
initiated on January 21 and continued through early July.
The maximum release for flood control was in the range of
480 t0 490 cfs and were maintained from May 17 through
June 2.

Phillips Reservoir reached a maximum storage
volume of 84.3 kaf on May 21, which was 93% of itstotal
active cgpacity. The end of the year storage content in the
reservoir was 47.1 kaf, 52% of itstotal active capacity.

26. Brownlee Project

The Brownlee, Oxbow, and Hells Canyon dam
complex isowned and operated by |daho Power Company
(IPC). These tandem projects on the Snake River on the
border between Oregon and Idaho are operated in accor-
dance with a single license issued by the Federal Energy
Regulatory Commission which requires operation for flood
control and navigation, in addition to power. Specificaly,
this license requires that Brownlee, the only one of the
three projects with significant storage, provide a minimum
of 500 kaf of flood control space by March 1 in years of
normal or greater forecast water supply at Brownlee and
The Dalles. The license does, however, have a provision
for a partial waiver of thisrequirement in dry years or for
increased space in wet years. The license also requires
adequate navigation depths be maintained below Hells
Canyon Dam. Spring refill of Brownlee is coordinated
with the Corps of Engineers Reservoir Control Center for
flood control. Thisyear's operation is graphically shown
on Charts 15 and 75.

Brownlee began the water year at 2045.3 ft after a
July-September draft to help meet NMFS target flows for
juvenile fish migration at Lower Granite Dam. The lake
was then drafted to 2032.5 ft by October 19 to create space
in the reservoir so a portion of the inflow could be stored
while discharge from Hells Canyon could be maintained
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near between 9.5 and 12 kcfs to encourage fall chinook
salmon to spawn a alow levels in the downstream channel
between late October and December 9. The goal was that
the lake be full near the end of the spawning operation.
Thisgoa was met, as by December 15 when the pool had
filled to 2076.4 ft (2077.0 ft is full pool). The Hdls
Canyon discharge was then maintained above 12.5 kcfs
until fry emergenceinthe spring. At the request of IPC the
Corps, after consultation with NMFS, waived the naviga-
tion requirement of maintaining 13 kcfs at Lime Point, near
Anatone, through April 15.

(During this period the New Y ear’s peak inflow came
at the time of this full pool. This was the peak flow, 81
kcfsfor the year and was passed without any storing.)

Based on the forecast at Brownlee and The Dalles the
Corps naotified IPC that 750 kaf of flood control storage
space was required a Brownlee (surface eevation of
1976.0 ft) by April 30. Throughout the forecast period, the
flood storage requirement remained at 750 ft and by April
30 the reservoir was drafted to 1982.75 ft. The project
continued to draft for flood control to alow of 1976.37 ft
on May 2. Increasing inflows from the beginning of the
spring runoff refilled Brownlee reservoir to 2076.44 ft on
June 28.

The State of Idaho developed a plan (which was
approved by the Technical Management Team) to start
drafting Brownlee on July 24 to meet the 237 kaf augmen-
tation volume required per the Biological Opinion (See
Chapter IV, Section G). The outflow was about 20 kcfsin
order to keep Oxbow from spilling (because of unit
outage). This outflow was held constant from July 24 to
September 14 when Brownlee releases were increased to
about 30 kcfsfor the last two weeks in September in order
to make room for the large amount of upper Snake water
that had runoff in the summer and was not used by
irrigators. Brownlee was drafted to 2070.5 ft by July 31,
to 2051.8 ft by August 31 and 2022.6 ft by September 30.

The regulated peak spring inflow was 63.3 kcfs on
June 16 and the unregulated peak inflow was 133.5 kcfson
May 17. Maximum daily outflow was 65.6 kcfs on April
28.

27. Dworshak Project

Dworshak Lake and Dam are located on the North
Fork Clearwater River near Orofino in west central |daho.
This project was constructed and is operated by the Corps
of Engineers for power, flood control, fishery, navigation
and recregtion. This year’s operation is graphically shown
on Charts 16 and 76.

Dworshak, at 1519.53 ft on October 1, wasfilled to
1531.4 ft by the end of December, which was below the
Upper Rule Curvelevd of 1558.0 ft. Based on the current
flood control rule curves, Dworshak was to be at minimum

pool (1445.0 ft) to provide 2.00 maf of flood control space
by March 31. The high runoff volume forecast first issued
on January 1 continued throughout the spring so the project
was drafted to empty on April 3 and had to spill starting
April 16 to passinflow and stay empty. (The New Year's
Day storm did not extend into the NF Clearwater River.)
Starting on April 22 the project, releasing 25 kcfs (channel
capacity), started to fill involuntarily because of the high
flows. The project maintained 25 kcfs outflow through
May 10, filling to 1452.7 ft. To alleviate flooding prob-
lems in Orofino (backwater affect from the Clearwater
River), project releases were reduced to 1.3 kcfs between
May 15 and 19. Between late May and early June, flows
were managed with the target of refill towards the end of
June but not filling too quickly to maintain flood control
protection downstream until the freshet was over. The
project filled on July 3. The State of Idaho issued a
dissolved gas waiver alowing the project to voluntarily
reach dissolved gaslevels up to 120% between July 15 and
August 15 so the project could stay full longer before
starting to draft for the grouting contract to slow down
leakage of the dam. The project stayed within 1-foot of full
(1599.0 ft to 1600.0 ft) until July 16 when the outflows
were increased to 22 kcfs, where they remained through
August 15 and were gradually ramped down by the end of
August until thetarget pool level of 1500.0 ft was reached.
The project passed inflow through therest of the water year
asthe grouting work progressed. (The grouting work was
completed December 15, 1997.)

The peak daily inflow was 48.8 kcfson May 15, while
outflow at the time was 1.3 kcfs. The peak daily outflow
was 25.1 kcfswhich was maintained April 21 through May
0.

28. Clearwater River at Spalding

The streamgage on the Clearwater River at Spalding
in west-central |daho measures the portion of the inflow to
Lower Granite Dam that originates in the Clearwater River
Basin. It is aso used as a flood control point in the
operation of Dworshak Dam. This year's operation is
graphically shown on Chart 77.

The observed peak flow at Spalding this year was
80.7 kcfs on May 16 when Dworshak was releasing 1.0
kcfs. The unregulated peak flow during the flood season
was 127.5 kcfs on May 16, well above the flow at flood
stage of 111.6 kcfs.

29. Lower Snake Projects

Lower Granite, Little Goose, Lower Monumental, and
|ce Harbor are run-of-river projects on the lower portion of
the Snake River in southeastern Washington. Lower
Granite and Little Goose have 5-foot forebay operating
ranges, and Lower Monumentd and Ice Harbor have 3-foot
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ranges. All four projects are operated by the Corps of
Engineers for navigation, hydropower, fishery, and recre-
ation. Thisyear'soperationisgraphically shown on Charts
78 and 90.

During the summer the projects were operated at
minimum operating pool (MOP) with the intent to increase
water velocitiesto aid downstream juvenile fish migration.

Lower Monumental and Little Goose projects oper-
ated in their top foot operating ranges October 1 through
December 31 to enhance adult fish ladder access. Ice
Harbor operated dightly below itstop foot through Decem-
ber 31 to provide as good fish ladder conditions as possible
(for upstream adult fish migration) and also provide
reservoir space to protect workers who were installing flip
lipsinthetailrace. Lower Granite operated between 734.0
ft and 735.0 ft from October 1 through November 15
which was aslow as possible for juvenile fish migration yet
high enough for navigation restrictions. On November 15
Lower Granite operation range was increased to 734.0 ft to
738.0 ft, and was operated to maintain Lewiston below
738.0ft if flowswerelow and below 737.0 ft if flowswere
above 50.0 kcfs for flood control. Lower Granite was
drafted to 729.9 ft on January 1 because of the high inflow
forecast and then began to have problems with barges that
had drafts great than 14 ft which were unable to travel over
the upstream lock sill. Also, undermining of the Lewiston
levees was a concern.

Starting on April 9, al projects were drafted to MOP
or MOP-plus-one-foaot for juvenile fish migration, as
required by the Biological Opinion. Required night time
spill was initiated at Lower Granite, Little Goose, Ice
Harbor, and Lower Monumental on April 10. Ice Harbor
was spilling around the dlock due to decreased powerhouse
flow capacity because of out-of-service generator units.
Fish transportation by both truck and barge were aso
initiated in April. Spill occurred at all the Lower Snake
projects during most of April, May and June. Navigation
companies had problems navigating barges at |ce Harbor
because of the river currents caused by the newly installed
fliplips. InMay, various spill patterns were tested to learn
which combination of flows and spillway gates had the
least the impact on navigation. Lower Monumental and
Little Goose refilled in early September and operated in
their top foot of their operating range through the month of
September to enhance adult fish ladder access. Theflip lip
contractor returned to work at |ce Harbor in September and
the project operated dlightly below its top foot through the
rest of the month for both adult fish migration and contrac-
tor safety.

The regulated peak flow into Lower Granite was
225.3 kefson May 17 and the unregulated peak was 357.9
kcfson May 17.

30. Mill Creek Project

Mill Creek Dam and Bennington Lake is a Corps of
project in the Mill Creek basin, east of Walla Walla,
Washington. This off-stream project receives high flows
that were diverted from Mill Creek for flood control. The
reservoir's active storage capacity of 8,200 af was used for
flood control and recreation. This year's operation is
graphically shown on Chart 47.

From October 1 through December 31 Bennington
Lake's level ranged between 1195.0 ft and 1194.5 ft.
During January two major flood control operations were
required, each followed quickly by drafting the pool to
prepare for possible subsequent flood control operations.
The first, on January 1, was caused by storms in late
December that filled Bennington Lake to a peak of 1211.7
ft. The second flood operation on January 31, was caused
by storms in late January that filled the pool from 1207.8
ft to a peak of 1212.1 ft on February 1. Seepage and
evaporation losses caused drawdown of Bennington Lake
to conservation pool level of 1205.0 ft by April 14 andto
1193.8 ft by September 30; streamflows were not suffi-
cient to maintain the pool at 1205.0 ft.

31. Willow Creek Project

Willow Creek Dam at river mile 52.4, together with
the City of Heppner Flood Warning System, congtitutes the
Corpsof Engineersflood protection provided for the urban
reach of Willow Creek through the city and immediately
north of Heppner in north-central Oregon. The dam is a
154 ft high roller-compacted concrete structure with an
unregulated spillway. The 14,091 &f of storage space below
the ungated spillway crest, 2113.5 ft, is allocated to flood
control, irrigation, and minimum flow maintenance. The
lakeis held at 2063.0 ft in the winter and 2076.5 ft in the
summer to providefor flood control. Thisyear’s operation
isgraphically shown on Chart 48.

Therewere small two flood control regulation events
this water year, both occurred in January and had inflows
inthe 400 cfs range and each followed quickly by drafting
the pool to prepare for possible subsequent flood control
operations. The early January storm filled the pool to
2075.5 ft and the late January event filled the pool to
2073.0 ft. Maximum summer operation pool of 2076.5 ft
occurred in early June. The water year ended, and also the
water conservation season, with apool level consistent with
the scheduled water control regulation curves. Pool draw-
down does not occur until the next water year, starting after
Columbus Day each October.

32. John Day Project

Lake Umatillaisthe reservoir behind John Day Dam
on the Columbia River that straddles the Oregon-Washing-
ton border and is operated by the Corps primarily for
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power, flood control, and navigation. The lake has approx-
imately 500 kaf of active storagein itsfull operating range,
257-268 ft. Historically, the Corps generally operated the
lakein therange of 260.0-265.0 ft from November through
the spring runoff. Following the spring runoff, and contin-
uing until mid-October, the pool is normally operated in its
top 3 ft, 265.0-268.0 ft. However, in recent years the lake
has been operated at lower levelsin an attempt to improve
juvenile fish passage through the reservoir with lower
surface levels and faster water velocities. In addition, the
lake may be drafted to aslow as 257.0 ft for flood control
and power. Thisyear’soperation is graphically shown on
Chart 17.

The officid range of John Day Dam forebay operation
is 260.0 to 265.0 ft beginning November 1. Normally a
limit of 263.5 to 265.0 ft exists on Wednesdays, weekends
and holidays for water fowl hunting between mid-October
to mid-January. At the end of December, the forebay was
drafted to between 257.0 ft and 260.0 ft. Between mid-
January through April, a contractor started working in the
tailracetoinstall flip lips on 18 of the 20 spill bays. This
work involved hard-hat diving that required work barges
and craneto remain in the tailrace area for the work period.
There was also ano spill objective amagjority of the time
for the worker's safety and impact on work schedule.
Normally the pool is operated above a minimum of 262.5
ft for the benefit of the Irrigon and Umatilla Hatcheries and
irrigators. The project was drafted below 262.0 ft on two
different occasions for flood control for Portland-Vancou-
ver Harbor: during December 27 - January 1 and January
31 —February 2. Also, April 24 through June 25 John Day
was operated for flood control for Portland-Vancouver
Harbor aswell asfor irrigators. Initially, the forebay was
maintained below 262.0 ft. Then, when the high flows
started, John Day project releases were controlled to
maintain Initial Control Flow Conditions at The Dalles
(flows not to exceed 530 kcfs) for flood control in the
Portland area. The project was regulated to a delicate
balance to maintain flood control space for Portland yet
allow the forebay to occasiondly fill above 262.0 ft to
allow theirrigators to water their crops.

Between July and August the pool was operated
according to NMFS Biological Opinion requirements and
irrigation needs. In September the flip lip contractor
started working again, requiring a no spill condition 6
days'week. Because of thelow water conditions, there was
no problem providing no spill.

33. Upper Deschutes Proj ect

This multiple reservoir system is composed of
Prineville and Ochoco reservoirs on the Crooked River,
both Section 7 projects, and Crane Prairie, Wickiup,
Crescent Lake, and Haystack reservoirs on the Deschutes

River. Including Haystack, which is an offstream
reregulating reservoir, there is a combined total active
storage capacity of 559 kaf. This year's operation is
graphically shown on Charts 49 and 50.

Crescent Lake storage at the beginning of the water
year was 38.7 kaf. Storage peaked for the season at 86.1
kaf on July 9, which isessentialy full. This was the highest
reservoir level since 1976. Carryover storage at the end of
the year was 71.7 kaf. The maximum combined Wickiup
and Crane Prairie storage of 250.8 kaf was reached on
April 30. Combined storage at the end of the year was
176.2 kaf .

Prineville Reservoir entered the water year with a
carryover of 102 kaf, 106% of normal. Winter flood
control space was maintained by releasing a stream re-
source maintenance flow of approximately 80 cfs until
early December, when higher flood control releases began
to be necessary. Pegk storage of 158.7 kaf, 104% of active
capacity, was reached on April 24. The maximum inflow
was approximately 6.73 kcfs on January 1; maximum
release was 2.96 kcfs on January 3. The reservoir had a
storage of 90 kaf, 94% of normal at the end of September.

Ochoco Reservoir entered the water year with a
carryover of 18.9 kaf. The outlets were closed following
irrigation season and all inflow was stored until late
December, when flood control releases were required. The
New Year's Day storm nearly filled the reservoir and
forced releases to be turned up to maximum outlet works
capacity of approximately 420 cfs. Discharges continued
at peak capacity until February 17 in order to draft the
reservoir back down to its flood control rule curve require-
ment. Discharges from late February through early April
ranged from 15 cfs to 300 cfs to keep the reservoir at or
near its rule curve requirements. Peak discharge was 423
cfs on January 7, and peak inflow was about 2.13 kcfson
January 1. Theresarvair filled by early April and remained
nearly full through most of June when releases began for
irrigation; the peak storage of 44.7 kaf occurred on April
23. lIrrigation demand drafted the reservoir during the
summer to 25.5 kaf by the end of September.

34. Chief Joseph, McNary, The Dalles, and

Bonneville Projects

These run-of-river projects are operated by the Corps
for hydropower, navigation, irrigation, recreation, and
fisheries. Chief Josephislocated on mid-Columbia River
in central Washington. McNary, The Dalles, and Bonne-
ville are on the lower Columbia River, straddling the
Oregon-Washington border. Severa special operations
occur each year at these projects to meet special require-
ments for power production, navigation, recreation, fishery,
and construction activities. This year's operation is
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graphically shown on Charts 80 and 91.

McNary Dam had Biological Opinion flow require-
ments that varied throughout the spring summer (see
Chapter IV, Section G, Fishery Operations). Also continu-
ing at McNary this year was the unloading of ten decom-
missioned defueled submarine reactor compartments at the
Hanford Resarvation, one during March and the other nine
in September and October 1997, necessitating special
operation of the water level behind McNary Dam and the
Priest Rapids dischargesto allow barge docking at the Port
of Benton dlip. Also, special operations at McNary for
national level competitive boat races, shoreline weed
control, boat ramp construction, habitat isand mainte-
nance, waterfowl nesting, and waterfow! hunting occurred
throughout the year. At times, these requests conflicted
with each other, requiring specia coordination.

Spill for juvenile fish passage occurred at McNary,
John Day, The Dalles, and Bonneville during the spring
and summer. Spill levels were set in accordance with the
Corps Fish Passage Plan for 1997. See Section g, Fishery
Operations for additional information.

The peak winter flood regulated flow at The Dalles
was 321.5 kcfs on January 5 and the peak unregulated flow
was 398.0 kcfs on January 3. The unregulated peak
snowmelt flow a The Dales was 896.0 kcfs on June 7 and
was controlled to a peak of 570.7 kcfs on June 15.

35. Columbia River at Vancouver

The Columbia River Basin reservoir system was
operated for flood control once during the winter of 1996-
97. Mogt of the flood contribution came from the Willa-
mette River and lower Columbia River tributaries. Treaty
projects’ outflows were not reduced to aleviate flooding
conditions in the Portland-Vancouver harbor during this
high water event because there was sufficient storage
available in Grand Coulee to achieve flood control objec-
tives.

The observed peak stage at Vancouver, which was the
result of an unusual winter rain/snowmelt flood, was 22.1
ft, 6.1 ft over flood stage, on January 2 and the unregulated
peak stage for this event was 23.9 ft on January 4. Asa
comparison, in 1964, the flood crest was 27.7 ft and in
February 1996, 27.2 ft was reached. The all timerecord is
31ftin 1948. Bankfull at VVancouver is 16 ft and amajor
flood is at a stage of 26 ft.

The spring snowmelt runoff peak flood stage at
Vancouver was exceeded for much of May and June.
Significant flood control was provided by the Treaty
projects. Theobserved peak stage at Vancouver, was 19.0
ft on June 4 and the unregulated stage was 28.4 ft on June
8. Please see Chart 79.

36. Willamette Basin Projects

There are 25 dams in the Willamette Valey of
western Oregon. The Corps operates 11 storage and two
reregul ating reservoirs, Reclamation operates one storage
project, Scoggins Dam, a Section 7 project; and the
remaining 11 are single-purpose, hydroelectric plants
operated by public and private utilities. The federa
projects are:

Hydroelectric Non-power
Storage Reregulation Storage only
Hills Creek Big Cliff Fall Creek
Lookout Point Dexter Cottage Grove
Cougar Dorena
Green Peter Blue River
Foster Fern Ridge
Detroit Scoggins

These projects are operated for flood control,
hydropower (where applicable), irrigation, fishery habitat,
and recregtion. Sincethese federal projects are operated as
asystem to control the flow of the Willamette River, their
operation will be discussed asaunit. WY 97’ s operation is

graphically shown on Charts 18-28, 81,82,83,84, and 92.

a. CORPSPROJECTS The Willamette reservoirs
operated by the Corps were about full at the beginning of
the summer of 1996. Summertime rainfall was above
normal, so augmentation of the mainstem flows was
achieved by the normal releases from the projects as
outlined in the summer augmentation plan developed in
May 1996.

The summer low flow augmentation meeting was not
heldin May because of the above average water year. The
augmentation plan was drafted and sent to the State and
Federa agencies that have an interest in the Willamette
flows and only minor comments were returned for inclusion
in the overall plan. The following minimum flows, in cfs,
for the mainstem Willamette were adopted:

July  August September
4,500 5,000 5,000
6,000 6,500 7,000

L ocation June
Albany 4,500
Sdem 6,000

During the summer of 1996 precipitation was near
normal so additional augmentation was not required to
maintain mainstem flows. The releases from the projects
were increased for local requirements for fish or other
environmental concerns of the Oregon Department of Fish
and Wildlife (ODFW). The flow from Lookout Point was
increased in July to 2500 cfs, Cougar was increased to full
load on both units in August, Fall Creek releases were
between 200 cfs and 500 cfs through Labor Day, which
drafted the lake 10 ft. The release was then increased to
1200 cfsto draft the lake to 710.0 ft. Heavy precipitation
during October, November, and December allowed the
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project to be below 710.0 ft for 26 days and rel eases below
500 cfsfor only 19 days, which are the goals for safe fish
passage.

From October through April aseries of storms passed
throughout the valley, with rainfall averaging from 110%
to 300% of normal, preventing about half of the projects
from reaching minimum flood control pool. The largest
runoff occurred with storms that started on December 20,
reaching a peak on December 25 and 26 with 6.8 inches
reported at Cougar Dam for that 48 hour period. The
Willamette projects were drafting from the storm that
started on the December 20", and were about 9% full on
December 24. By January 4" the system was about 69%
full with the projects on the McKenzie and the Santiam
Riversreceiving the blunt of the storm. Theriver stage at
Salem reached a maximum of almost 29 ft on January 3.
By comparison the February 1996 river stage at Salem
peaked at 35 ft. Stream levels at control points are shown
in the following table.

Obs'd Bankfull Flood Major
Location Stage Stage  Stage  Stage
Jasper 9.9 10.0 15.0
Goshen 11.8 13.0 16.0
Eugene 195 23.0 29.0
Vida 16.3 6.0 11.0 14.0
Harrisburg 12.8 10.3 14.0 17.0
Monroe 8.7 9.0 9.0
Waterloo 9.8 9.9 12.0 18.0
Mehama 8.8 11.0 135
Jefferson 14.4 12.8 15.0 20.0
Salem 29.0 214 28.0 33.0

The projects were al back to the rule curve by the
middle to the end of January and continued to fill on
schedule during the refill period February through May. All
the projects completed filling on schedule except for
Cottage Grove, which filled to a foot and a half of the
conservation pool. A summer augmentation plan was sent
to interested parties in May, and because the summer
runoff was forecast to be at or above normal for the June-
September period no meeting was held.  July through
October continued to have above norma inflows and so
additional augmentation of the main stem was not required.
The releases from the projects were increased to meet
minimum flows downstream and requirements of the
Oregon DFW.

b. RECLAMATION PROJECT. Henry Hagg Lake
was formed by Scoggins Dam on Scoggins Creek, tributary
to the Tualatin River near Forest Grove, Oregon. The
reservoir has an active capacity of 53.64 kaf and is oper-
ated for flood control, irrigetion, municipal supply, fish and
wildlife, recreation, and water quality. Theinflow occurs

mostly fromwinter rain storms. The year’ s operation was
generadly according to flood control regulations and is
graphically shown on Chart 85.

Henry Hagg Lake storage, at the beginning of the
water year, was 26 kaf, 48% of capacity and 100% of
norma. Theresarvoir was further drafted during the fall to
meet late season irrigation demand and provide water
quality flows downstream on the Tualatin River, reaching
itslowest storage for the year of 23.4 kaf on November 12.
Storage began to accumulate when the discharge was
reduced to the project minimums beginning in mid Novem-
ber and reached the flood control rule curve by early
December, when a high water event forced storage above
the curve. Redleases up to about 1,250 cfswere required in
mid December to draft the reservoir towardsits rule curve
requirement. This flood space evacuation was nearly
completed when a significant flood event occurred in late
December and early January. Peak inflows were captured
by the reservoir during the event, forcing it to essentially
fill by January 2. Significant releases were not required
from the reservoir until after the downstream flows had
peaked and were in recession. The gage height at the
Tualatin River near Dilley flood control point peaked for
theyear at about 17.9 ft on January 2. The year's highest
peak mean daily inflow to the reservoir occurred on
December 31 at 2,007 cfs (peak hourly inflow was much
higher), and peak discharge of 1,660 cfs was measured on
January 3. The reservoir was drafted to itsrule curve on
January 15, which it essentially followed until it refilled in
early May and remained full until draft began in early July.

Storage at the end of the water year was 24.4 kaf,
46% of capacity and 94% of normal. Inflow during the
water year was 129.8 kaf, 142% of normal.

37. Western Washington Projects

a. HOWARD A. HANSON DAM.

Howard A. Hanson Dam, on the Green River at river
mile 64.5, is a flood control and conservation storage
project. The project provides winter flood protection
primarily for the lower Green-Duwamish River valley
between the cities of Auburn and Seattle. In the spring,
over 24 kaf is stored to augment low flows for fisheriesin
late summer and fal. The City of Tacoma operates a major
M& | water supply diversion dam and pipeline 3.5 miles
downstream from Hanson Dam. The year’s operation is
graphically shown on Chart 51.

The project began the year with the pool at 1110.6 ft,
5.5 ft below the 98% rule curve and on December 4 it
reached the norma minimum flood control level of
1070.0 ft. This pool level provides a few feet for water
guaity control, yet the reservoir is essentially empty. The
project was not operated for flood control this year.
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However, seismic retrofit work on the intake tower and
walkway columns required additional regulation to main-
tain a pool at less than 1140.0 ft although the pool did
reach awinter peak of 1127.6 ft on February 16.

Beginning in early April, and continuing through
September, the Corps, the city of Tacoma Water Depart-
ment, the Muckleshoot Indian Tribe, and Federal and state
resource agencies coordinated project refill operation,
continuing a policy initiated in 1988. Due to an unusually
large snowpack, refill of the reservoir was delayed to
reduce the possibility of passing high inflows after the
reservoir was full. Refill was initiated by capturing a
congtant 400 cfs (800 af/day) on May 6 at apool of 1185.0
ft. On May 22, the capture rate was increased to insure the
reservoir filled to the conservation level of 1141.0 ft by
June 1. Draft of the reservoir began on August 21 to
augment flows for downstream fisheries.

Peak streamflows reached 9,430 cfs on March 20 at
the Green River near Auburn streamgage, well below the
authorized 12.0 kcfs control flow, the unregulated stream-
flows was 11.9 kcfs at the Auburn gage, and the greatest
release from the dam was 7,395 cfs.

b. MUD MOUNTAIN DAM Mud Mountain Dam,
on the White River at river mile 29.6, is asingle-purpose,
flood control project which is normaly empty except
during flood control operation, project maintenance, and
occasional regulation for downstream needs. The year's
operation was generally according to flood control regula-
tions and is graphically shown on Chart 52.

In January, flood control regulation by Mud Mountain
Dam limited the discharge at Puyallup to a maximum of
23.46 kcfs. Without this regulation, the Puyallup gage
would have reached approximately 28.2 kcfs. On January
1 theinflow peaked at approximately 12.0 kcfs while the
peak pool elevation occurred on January 8 at 1062.72 ft.
In addition to this normal flood control operations, special
dam regulation occurred on three occasions; the first during
the week of December 16 when Puget Sound Energy
required flows of 2,000 cfs to test modifications to their
diversion structure below Mud Mountain. Second, from
January 10 to February 6 when Northwest Pipeline re-
guested flows of 2,500 cfs to 3,500 cfs for streambed
reconstruction. Erosion of the bank had exposed a high
pressure gas transmission line. Third, in July and August,
ingpection and repair of the outlet tunnels required detailed
gate operations.

c. WYNOOCHEE DAM Wynoochee Dam, onthe
Wynoochee River a river mile 51.8, provides flood control
for the lower Wynoochee Valley, water supply for the city
of Aberdeen'sdiversion at river mile 8.1, fishery enhance-
ment, recreation, and irrigation benefits. On July 26, 1995
the project ownership was transferred from the city of
Aberdeen to the city of Tacoma. However, the Corps’ role

in the flood control operation of the project remains
unchanged while Tacomaiis responsible for al non-flood
reservoir regulation duties. The year's operation was
generadly according to flood control regulations and is
graphically shown on Chart 53.

The Corps assumed flood control operation of the
Wynoochee Dam Project on four occasions. The last storm
on March 18 proved to be a 100 year event in the lower
basin with more than 21 inches of precipitation felling over
athree day period. The Spillway Gate Regulation Curve,
used to balance the remaining storage volume with the
observed inflow was used for the first time, although the
spillway was not used.

The observed peak flow for the Wynoochee River
above Black Creek gage, the control point, was 25.6 kcfs
on March 19 where the zero damage flow is 18,000 cfs.
Preliminary damage estimates were in excess of 1 million
dollars.  Unregulated, the flow would have reached
37.0 kefswhich meant flood control operations at the dam
lowered the downstream stage by approximately 3.0 ft.

c. LAKE WASHINGTON SHIP CANAL AND
HIRAM M. CHITTENDEN LOCKSPROJECT The
Chittenden Locks project controls the level of both Lake
Union and Lake Washington, and provides a navigation
channel between these lakes and Puget Sound. Project
facilitiesinclude alarge and small lack, spillway gates, fish
ladder, smolt dide, saltwater drain, and a special saltwater
barrier a the upstream end of the large lock. The saltwater
drain and barrier are designed to reduce and control
saltwater intrusion into the fresh water lakes.

L ake Washington began the water year at 20.9 ft, and
gradually drafted to 20.0 ft by December 1 to provide
shoreline protection against wind and wave action.
Throughout the winter, the Locks were operated to opti-
mize fish passage and limit salt water intrusion into Lake
Union. The spring refill began February 16, but was
interrupted on March 20 in preparation of a series smolt
passage tests. The objective of the tests was to quantify
the passage of juvenile salmon through the locks when no
discharge was occurring over the spillways. To prepare for
the shutdown of the spillways during this high flow period,
it was necessary to hold the elevation of Lake Washington
at 21.1ft. After aseriesof fill and spill operations for the
smolt passage tests, Lake Washington reached the normal
conservation pool of 21.85 ft on June 18, and continued to
fill to amaximum of 21.95 ft on June 25. Release of the
storage and draft of the lake began on 24 June. The lake
continued to draft until the end of the year and dropped to
20.9 ft by 30 September. Lake Washington was held
within the normal operating range of 20.0 ft to 22.0 ft the
entire year.

e. ROSS PROJECT Ross Dam, located on the
Skagit River at mile 105.2, is owned and operated by the

50



City of Seattle, Department of Lighting (Seattle City
Light). The FERC license for the Dam states that evacua-
tion of flood control storage must begin by October 1 and
be completed by December 1 to provide storage of 120.0
kaf above the pool eevation of 1,592.1 ft. The storage
space must remain available until at least March 15 of the
following year. The FERC license also gives the Corps
limited authority to specify project regulation during a
flood emergency. During aflood event, when the unregu-
lated or natural flow in the Skagit River near the town of
Concrete is forecast to exceed the mgjor damage levd of
90.0 kcfs, the Corps can specify operation of the project.
Under this flood control operation, Seattle City Light is
permitted to release full powerhouse capacity from Ross
provided the flow is reregulated by the two downstream
projects, Diablo and Gorge, to a maximum outflow of
5,000 cfs. Theyear'soperation was generally according to
flood control regulations and is graphically shown on Chart
54.

Two storm events raised flooding concerns in the
Skagit River Basinthiswater year. On March 19 arain on
snow caused the forecast flow at Concrete to exceed 90.0
kcfs. Fortunately, storage of inflow and less than predicted
precipitation resulted in observed flows less than 90.0 kcfs.
On July 9 a 30- to 40-year precipitation event caused minor
flooding when the flow rose to 91.4 kcfs at Concrete. This
relatively rare summer flood event heightened flood
concerns because Ross Reservoir was only 0.35 ft below
the summer conservetion pool level of 1602.5 ft. Although
flows from unregulated areas of the basin below the dam
rose quickly, inflow to the dam remained below 20.0 kcfs.
The maximum storm discharge from the project was 13.33
kcfs and the pool peaked at 1602.47 ft.

f. UPPER BAKER PROJECT Upper Baker Dam
is located near Concrete, Washington at river mile 9.3 on
the Baker River, atributary of the Skagit River. Thetwo
dam hydroelectric project is owned and operated by Puget
Sound Energy (PSE) formally Puget Sound Power & Light
Company. The FERC license for Upper Baker Dam
requires 16 kaf of flood control storage space to be pro-
vided by November 1 for replacement of natural valley
storage eliminated by the project. An additional 58.0 kaf
of flood control storage is provided by November 15 in
accordance with congressiona legidation and an agreement
between PSE and the Federal government for reimburse-
ment of power losses due to operation of the additional
storage for flood control. When necessary, flood control
storage is managed by the Corps from November 1 through
March 1 each year. As with Ross Dam, the Corps can
specify operation of Upper Baker Dam when the unregu-
lated or natural flow in the Skagit River near the town of
Concrete is forecast to exceed 90.0 kcfs. Under flood
control operation, PSE isrequired to maintain a release of

5,000 cfs from Upper Baker Dam. The year’'s operation
was generally according to flood control regulations and is
graphically shown on Chart 55.

In March, PSE stored most of the flow in the Baker
River which assisted in keeping the flow of the Skagit
River at Concrete below 90.0 kcfs. At the time, PSE's
maintenance and construction work on Lower Baker Dam
allowed spill only at night. The timing of the event was
such that the Corpsflood control operations were minimal.
In July, Upper Baker Reservoir was 0.65 ft from the
normal summer conservation pool eevation of 724.0 ft.
Inflow peaked at approximately 20.0 kcfs and the pool rose
toamaximum of 723.75 ft. The maximum discharge was
18.9cfs.

9. MOSSYROCK & MAYFIELD DAMS Mossy-
rock and Mayfidd dams are tandem projects on the Cowlitz
River that are owned and operated by Tacoma City Light
for hydrodectric power generation and flood control. Their
FERC license gives the Corps limited authority to specify
project regulation during a flood emergency. The flood
control plan for Mossyrock is to provide a maximum of
360 kaf of flood control storage between 778.5-745.5 ft
during December and January, with a gradual drawdown
from full pool beginning October 1 and gradual refilling to
full pool between February 1 and June 1. Storage space of
21 kaf assigned to Mayfidd may be substituted at any time
for an equal amount in Mossyrock. The year's operation
was generally according to flood control regulations and is
graphically shown on Chart 56.

During November and December, lake elevations
were held some 8 to 12 ft below the water control curves
evacuation schedule, possibly because of the very high
inflowswhich had occurred last fall. The most significant
flood control operation occurred during the flood event of
January 1-5 with a peak inflow of 45.0 kcfs. The maxi-
mum lake level of 764.5 ft occurred on January 4 and the
maximum outflow from Mayfield Dam was 25.0 kcfs on
January 9. During February through May, the lake was
filled to 8 to 12 ft below the authorized project filling
schedule. Storage and water rel eases during the conserva-
tion release season were typical of previous years.

h. SEDIMENT RETENTION STRUCTURE The
Sediment Retention Structure (SRS) is a Corps project on
the North Fork Toutle River in southwestern Washington
designed to trap Mount St. Helens volcanic sediment by
slowing theriver flow. The dam was design with six rows
of outlet pipes which allow the water to pass through the
SRS and into the outlet channel. The rows of outlets are
successively blocked and closed as the sediment deposited
in the pool continues to increase. From November 1987
through September 1996, sediment deposits have resulted
in closing of the lowest three rows of outlets.

In March 1997 the fourth row outlets were closed
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and in September the fifth row was closed. Currently, the
project hastrapped 56.4 mcy of sediment; that 22% of the
258 mcy design capacity. The maximum pool was 927.9
ft on March 4.

38. Oregon Coastal Projects

Out of the 11 dams in the Rogue River Basin of
southwestern Oregon, two are operated by the Corps, seven
by Reclamation, and two by a private utility. Only the
Corps projects, one of the Reclamation projects, and a
county owned project are operated for flood control. The
Corps reservoirs, Lost Creek and Applegate, with a
combined active storage of 390 kaf, are operated for flood
control, irrigation, fish and wildlife enhancement, munici-
pal and industrial water supply, water quality, recreation
and power (at Lost Creek only). Elk Creek Dam is a
partially completed Corps project on Elk Creek, atributary
to the Rogue, five miles below Lost Creek. Reclamation's
Emigrant Lake has 39 kaf of storage and is operated for
flood control, irrigation, and recreation. Galesville Dam s
owned by the Douglas County. The latter two projects are
operated under Corps direction, when needed, for flood
control.

a. LOST CREEK DAM. The lake level at the
beginning of the water year was being held at constant
because of anadromous fish needs downstream of the dam.
Consequently, by late October, the pool level was approxi-
mately 8 ft encroached into flood control space. Following
the major spawning period, the pool level was drafted to its
minimum pool level by mid-November. The project
experienced high runoff and major flooding through the
entire mgjor flood season (November, December, and
January). There were three progressively greater flood
events: thefirst was in late November, the second in early
December, and the third in late December/early January
was the largest event. The third flood event was a major
flood event that started on the last day of December and
lasted through January 6. The heavy tropical precipitation
was related to an eastern shift of enhanced tropical convec-
tion associated with a phenomenon called the Madden-
Julian Oscillation across the western tropical Pacific.
Precipitation at Bigdow Camp, Rogue River was 15.5
inches between December 27 and January 2. Peak inflow
to Lost Creek Lake was 26,000 cfs. Preliminary computa-
tions indicate that the last December/early January event
was approximately a 20-year event in the upper Rogue.
Thelakefilled to 1868 ft, within 4 ft of the maximum pool
elevation. On January 5, aregulating outlet hatch failed,
consequently water releases to keep the pool from filling
needed to be released from the spillway. Thiswasthe first
spillway discharge event in the history of the project.
Project releases were up to 16,000 cfs for three days, 7,500
cfs of which were over the spillway. Flows at the nearest

control point 20 miles downstream, Dodge Bridge, were
held at flood stage of 10 ft. The regulating outlet hatch
was repaired following the flood. Stage reductions at
Dodge Bridge (the first downstream control point) was
estimated to be 3.3 ft, 2.7 ft at Raygold, and 4.2 ft at the
major damage control point of Grants Pass. There were no
significant water resources issues for the rest of the water
year. The reservoir eevation at the end of the water year
were again focused on meeting anadromous fish needs
downstream of the project. Flood damages prevented this
year for the Rogue River Basin (Lost Creek and Applegate
Dams) was $30 M.

b. APPLEGATE DAM. The lake began the water
year 5 ft below its Water Control Diagram minimum pool
elevation of 1889.0 ft. Like Lost Creek, the project
experienced three incrementally larger flood events during
the mgjor flood season. Pegk inflow to Applegate Lake was
approximately 26,000 cfs (similar to Lost Creek Dam).
Preliminary computations indicate that the late Decem-
ber/early January flood event was approximately a 40-year
event upstream of the dam, and an 80-year event in the
middle of the Applegate River Basin. The New Year's Day
flood waswithin 0.5 ft of reaching the Applegate Lake full
pool elevation of 1987.0 ft, including a special regulation
curve operation in effect. Project releases reached approxi-
mately 16.0 kcfs, 12.0 kcfs of which was spillway use. Use
of the regulating outlet during spillway discharge caused
significant erosion of the tilling basin area. Flood stage at
the downstream control point was exceeded. Observed
stages near the community of Applegate were 16.8 ft; flood
stage is 13.0 ft. Stage reduction was estimated at 5.8 ft.
The reservoir operation for the rest of the water year
focused on meeting anadromous fish needs and other
project purposes such as recreation. There were no signifi-
cant water resources issues for the rest of the water year.
Flood damages prevented for the Rogue River Basin (Lost
Creek and Applegate Dams) was $30 million.

c. ELK CREEK DAM. The storage area behind the
partially-completed Elk Creek Dam is dry except for
involuntary storage during high water periods.

d. GALESVILLE DAM The lake was operated
according to its rule curve and its operations were in
compliance with flood control regulations. The lake filled
totheflood control curvein April. Theyear’s operationis
graphically shown on Chart 86.

The lake was operated according to the authorized
water control diagram. Operations were in compliance
with flood control regulations. Significant flood control
operations were carried out on December 8, and January 1-
5. Themaximum reservoir level was 1883.1 ft on January
2, with minor flow over the freeflow spillway crest, resullt-
ing from sustained the high inflow of 3,000 cfs caused by
high runoffs of rainfal plussnow melt. The lake wasfilled
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between February 1 and May 1 in accordance with its water
control diagram. However, the lake was held 11 ft below
itsnorma Maximum Conservation Pool elevation through-
out the conservation release season, due to cavitation
problems, which were limiting the project’s maximum
outlet releases.

e. EMIGRANT DAM. The lake was operated by
Reclamation in accordance with the authorized rule curve
as graphically shown on Chart 87.

Thelake was filled between January 1 and May 1, in
accordance with the project rule curve. Minor flood control
operations occurred on December 15 and January 20, with
the highest |ake levels during these events being 2218.4 ft
and 2222.6 ft, respectively. Full pool isat 2251.3 ft.

!
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Twin FallsProject. Note the roof access to the turbine-generator unit. Access road to the second (new)
powerhouse isin the lower left. Vortex in center of afterbay leadsto drain under roadway to river.
Work is underway to shore up the windows in preparation for the upcoming peak river discharges.
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Twin Falls New Powerhouse. Remaining falls of the original Twin Falls from surface
deck of powerhouse. Note roof access to turbine-generator unit.
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IV. FUNCTIONAL ACCOMPLISHMENTS

The hydrologic conditions and the reservoir regula-
tion described in the preceding two chapters have pro-
duced significant effects on many aspects of life in the
Pacific Northwest. These effects are discussed and
quantified within the following benefit categories: flood
control, energy generation, irrigation, navigation, recre-
ation, water quality, and fishery operation. These discus-
sions are not intended to be thorough or complete but are
cursory and contain only the salient features. For more
information contact either the appropriate agency whose
Water Management Group members are listed inside the
back cover of this report or contact the Water Manage-
ment Group officers, also listed inside the back cover.

A. FLOOD DAMAGES

The effect of reservoir regulation on downstream
river flow is determined by routing (the calculation of
travel time, diversions, etc) and comparing regulated and
unregulated (ie natural or pre-project) flows. The flood
damages given in Table 20 are for selected sites associ-
ated with reservoir flood control operation and show both
the observed flows and damages and the unregulated
flows (those that would have been observed without the
flood control dams) and the damages prevented (the
additional damages that would have occurred without the
flood control reservoir operation). The reduction in the
river stage or flow that resulted from the reservoir regula-
tion was used to index the value of damages prevented.
This year both the observed and prevented damages in
northwestern Oregon were difficult to determine because
of the multiple floods that occurred in the same locations
and the damages from the earlier floods that were still
unrepaired at the time of the subsequent flood events.

The flood damage prevented by reservoir operation
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in the Northwest was $4,290,956,000. Damages prevent-
ed in the Willamette Basin constituted 91% of this total
and nearly 9% of the total was in the Snake Basin and
one-third of the latter in the Boise sub-basin. The high
damage prevention in Idaho was due to above normal
spring precipitation and short warm spells causing slow
snowmelt of a near record snowpack in the upper and
middle Snake River Basin. Some of the damages pre-
vented in the Upper Snake Basin result from new devel-
opment in the flood plain near Jackson, Wyoming.

The Willamette Basin damages prevented were
attributed to three rainstorms: mid November, New
Year’s, and the beginning of February. On the mainstem
Willamette River flow reductions were 45-63% during
the November event, and 30-36% during the other two
events. The fact that no observed damages are listed for
the Willamette Basin may be deceptive because of the
unrepaired damages from the February 1996 record flood
that still existing at the time of the November event.
However, the operation of the Willamette Basin flood
control projects the damages prevented totaled
$3,912,321,000.

Table 21 is a tabulation of damages prevented by
major flood control projects in the Columbia Basin for
the period since 1948 through 1997. Damages prevented
for the lower Columbia and for the entire basin represent
the damage for the cost and development of the year of
occurrence. At today's cost and development level, the
amounts in past years would be much larger. The damage
prevented by control of winter floods on tributary streams
is not shown.

B. ELECTRIC ENERGY
Power operations in this report reference two major
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Table 20

SUMMARY OF FLOOD DAMAGE OBSERVED AND PREVENTED
Columbia River and Tributaries

UNREGULATED * OBSERVED CALCULATED DAMAGES
Flow Stage Flow Stage $1000
(kcfs) (fo) Date (kcfs) (ft) Date = =
POINT RIVER Obs®vd [ Prev®d *
Bonners Ferry, 1D Kootenai 79.9 | vay 18 64.4 | May 17 0 58,268
Columbia Falls, MT |Flathead 101.6 May 17 59.9 May 17 3,953 20,067
Hope, 1D Pend Oreille 2068.3 Jun 8 2062.7 | Jun 4 1,060 2,332
Newport, WA Pend Oreille 159.4 Jun 8 138.2 Jun 5 5,512 12,296
Cle Elum, WA Yakima 13.9 May 14 7.9 Jun 1 0 257
Parker, WA Yakima 38.6 May 15 19.0 May 15 800 9,056
Flat Creek, WY Snake 36.1 Jun 5 29.9 Jun 11 85 18,136
Heise, 1D Snake 58.5 Jun 11 42.5 Jun 14 0 1,678
Shelly, 1D Snake 72.9 Jun 7 47.6 Jun 16 6,692 45,900
Carey, ID Little Wood 1.3 Jan 2 .92 Jun 11 532 102
Boise, ID Boise 22.0 May 18 7.2 Mar 22 0 120,528
Owyhee, OR Owyhee 31.6 Jan 3 4.2 Jan 9 0 2,707
Emmett, 1D Payette 27.3 May 18 18.8 Jan 3 0 1,898
Weiser, ID Snake 154.6 Jan 3 81.8 Jun 3 0 29,733
Spalding, ID Clearwater 127.5 May 17 80.7 May 17 0 2,099
Lower Granite, WA Snake 357.9 May 17 225.3 May 18 0 5,244
The Dalles, OR® Columbia 897.9 Jun 7 570.7 Jun 15
Vancouver, WA Columbia 28.4 Jun 8 21.6 | Jan 3 0* 48,334
COLUMBIA BASIN SUBTOTAL 63,014 378,635
Salem, OR Wil lamette 272.2 Nov 21 167.0 Jan 2 0* | 3,912,321
GRAND TOTAL 63,014 | 4,290,956

*In the Columbia River Basin, flows are those which would have resulted without regulation by Mica,

Libby, Duncan, Arrow Lakes,

Hungry Horse, Flathead, Noxon Rapids, Pend Oreille, Grand Coulee, Chelan,

Jackson Lake, Palisades, American Falls, Dworshak, run-of-river projects, Grand Coulee pumping, and major
irrigation diversions in the Snake and Yakima River Basins.
In the Willamette and western Washington Basins, flows are those which would have resulted without

regulation by Hills Creek, Lookout Point, Falls Creek, Cottage Grove,

Dorena, Fern Ridge, Blue River,

Cougar, Detroit, Green Peter, Foster, Howard Hanson, Mud Mountain, Wynoochee, and Mossyrock Projects.

2 Damages prevented are those prevented by reservoirs and diversions noted above.
prevented by levees and channel improvements are not included in the prevented amounts.

in uncontrolled tributaries are not included.

3 Damages are included in the Vancouver, WA values.

Additional damages
Observed damages

4 Observed damages from the November 1996 flood were not determined because of overlapping damages
from the February 1996 flood that in many cases were not repaired prior to the November event.

entities: the Coordinated System and the Federal Colum-
bia River Power System (FCRPS). The former includes
most of the generating facilities, hydro and thermal, in the
Pacific Northwest, including the FCRPS projects, which
are Federally owned (Appendix A). There are three major
operational thermal plants in the Northwest. Each of
these plants contribute a portion of their output, through
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contractual arrangements or Federal financing, to the
Federal System. The nuclear plant is Washington Public
Power Supply System nuclear power plant #2 (WNP-2).
The fossil fuel plants are Centralia and Boardman.
Although participants of the Coordinated System
operate their own reservoirs, the power system is operated
as a one-owner system to optimize both energy



Table 21

EFFECT OF RESERVOIR REGULATION ON FLOOD PEAKS AND DAMAGES
Columbia River Basin

Max Annual Damages Max Annual Damages
Mean Daily Peak’ Prevented Mean Daily Peak® Prevented

Wa- The Dalles (kcfs) (31 million) Wa- The Dalles (kcfs) (31 million)

ter ter

Year Unreg Obsrv | LwrCol> | ColBsn® || vear | Unreg Obsrv | Lwr Col* | Col Bsn®

1948 1010 1010 * * 1976 637 419 15.65 43.08

1949 660 624 0.67 * 1977 276 183 0.00 0.00

1950 823 744 9.80 * 1978 565 313 6.00 30.61*
1979 482 306 1.50 4.65

1951 672 602 0.80 * 1980 544 341 5.16 15.26%

1952 579 561 0.34 *

1953 672 612 1.18 * 1981 579 436 10.91 45,267

1954 590 560 0.26 * 1982 759 422 15.22 78.62

1955 614 551 0.62 * 1983 732 400 18.48 131.00%

Back 1984 628 376 10.71 107.29

1956 940 823 25.00 37.67 1985 550 274 10.45 23.46

1957 820 705 6.60 1111

1958 735 593 3.55 7.83 1986 719 388R 0.24% 72.067

1959 642 555 0.88 2.6 1987 439 284 0.00 9.09

1960 493 470 0.08 0.58 1988 342 236 0.00 2.74
1989 512 312 6.30 37.10

1961 789 699 6.50 7.7 1990 511 372 1.66 15.75

1962 503 460 0.09 1.79

1963 481 437 0.03 0.65 1991 568 348 2.64 101.16

1964 764 662 7.60 2291 1992 328 232 0.00 0.71

1965 669 520 1.44 7.18 1993 602 3828 0.00% 81.37
1994 381 224 0.00 11.74

1966 455 396 0.00 0.43 1995 552 296 0.03 61.54

1967 781 622 14.21 20.80

1968 533 404 0.26 1.07 1996 719 456 4,32% 227.03%

1969 628 449 2.61 5.51 1997 898 571 48.33 378.64

1970 634 429 1.16 6.34

1971 740 557 8.49 25.76

1972 1053 618 213.10 260.49

1973 402 221 0.00 0.52

1974 1010 590 239.73 306.36

1975 669 423 9.41 40.97

! Observed discharges are preliminary values calculated from project data. 2 Damages are for the Columbia River below McNary Dam.

[Dollar values are for the year of the flood. Willamette excluded.] ® Totals are damages prevented by major projects above The

Dalles during the spring and summer runoff. Damages prevented in Canada and/or by levees and channel improvements are not included.
* Damages are based on the flood of December 1977. ® Revised
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Table 22

END OF MONTH ENERGY STORAGE - thousand MWh

COORDINATED SYSTEM

| CANADIAN TREATY |

SOURCES OF BPA ENERGY

AMOUNT
SOURCE (MWh) PERCENT
COE* 69,768,247 66.2
USBR* 27,194,094 25.8
THERMAL 6,838,779 6.5
MISC. 1,535,279 15
TOTAL 105,336,399 100.0

* Hydroelectric energy

production and management of the other water resources

in the Pacific Northwest.

1. Generation
The Coordinated System storage level at the

ORC/PDP Actual Difference ORC/PDP Actual Difference
Aug 96 58.5 58.8 0.3 22.5 22.2 -0.3
Sep 96 55.6 55.4 -0.2 21.8 20.8 -1.0
Oct 96 53.0 51.8 -1.2 20.5 194 -1.1
Nov 96 49.3 47.4 -1.8 18.2 17.4 -0.8
Dec 96 43.1 40.7 -2.4 15.0 14.4 -0.6
Jan 97 27.9 29.5 1.6 7.8 8.3 0.5
Feb 97 17.1 19.5 2.4 3.3 4.2 0.9
Mar 97 12.7 15.1 2.4 1.0 2.1 11
Apr 97 13.6 16.1 2.5 0.3 2.8 2.5
May 97 38.2 39.9 1.7 6.7 8.5 1.8
Jun 97 58.1 57.5 -0.6 17.8 17.7 -0.1
Jul 97 62.0 62.0 0.0 22.0 22.0 0.0
Aug 97 58.5 57.8 0.7 22.5 21.9 -0.6
Sep 97 55.7 56.2 0.5 21.6 21.4 -0.2
Table 23 beginning of the 1996-97 operating year was 99.5% full

which resulted in the System adopting first year Firm
Energy Load Carrying Capability (FELCC) from the
critical period studies. Due to above average stream-
flows throughout the year, the system generally operated
to the Operating Rule Curve (ORC) or flood control for
the entire period, producing large amounts of surplus
energy. The system storage energy reached 99.1% full
on July 31,1997, and the System adopted the FELCC
from the 1997-98 PNCA Final Regulation study. Table
22 shows the status of energy stored in the Coordinated
System at the end of each month in the 1996-97 operat-
ing year compared with the ORC or Proportional Draft
Point (PDP) where applicable. Normal full Coordinated
System reservoir energy content is approximately
63,700 MW-mo.

Table 23 shows the breakdown of Federal genera-
tion between the Corps, Reclamation, thermal, and
miscellaneous energy sources. Also tabulated are the
percentage changes over the operating year. The Corps’
portion changed by 0.7% and Reclamation’s by -3.0%.



Thermal generation decreased by +12.7% while miscel-  ate two-thirds of the total and Reclamation continues to

laneous generation changed by -4.3%. Of the Federal generate one-fourth.
energy marketed by BPA, the Corps continues to gener-

2. Marketing

Fiscal year 1997 was a record year for bulk power

Table 24 sales. The fact that it was one of the highest water years

in the historic record, coupled with a reduction in firm

HISTORICAL POWER PURCHASES loads produced substantial surplus energy during the

in millions of dollars water year. Even during the fall and winter months

streamflows were high enough to support large surplus

YEAR BUY YEAR BUY s_econdary energy saleg throughout the period. Table 24
lists FY 97 purchases in relation to those for the past 12

FY97 $39 FY90 $11 years. The FY 97 purchases were kept to a minimum

FY96 $55 FY89 $93 due to above normal precipitation and streamflows.

FY95 $155 FYs8s $20 Table 25 specifically shows the continuous sale of

FY94 $207 FY87 $3 surplus and nonfirm energy that picked up in the fall and

FY93 $216 || FY86 $1 continued through the spring.

FY92 $137 FY85 $10

FY91l $21

Note: Purchases do not include storage costs.

Table 25

ENERGY PURCHASES AND SALES BY MONTHS
(MegaWatt-hours)

TO NORTHWEST UTILITIES TO SOUTHWEST UTILITIES
Mo/ Yr Purchases Nonfirm Surplus Firm Nonfirm Surplus Firm
Aug 96
Sep
Oct 231 257 1678 243 1041
Nov 279 59 1236 64 868
Dec 198 75 2440 47 1127
Jan 97 160 1042 2828 288 1159
Feb 318 1150 2949 481 898
Mar 291 644 3523 841 1421
Apr 443 179 3304 402 1904
May 311 265 3178 562 2106
Jun 96 358 3145 258 2533
Jul 334 233 2700 200 3028
Aug 184 63 2024 60 3019
Sep 251 17 1745 5 1763
TOTAL | 3096 4342 30,750 3451 20,867
*Includes scheduled and non-scheduled utilities. Data in italica are preliminary
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Figure 13. 1996-97 CAPACITY OF THE
NW-SW INTERTIE IN MW

This was a year of adjustment for BPA as the
Transmission and Power Businesses were functionally
split into two organizations in accordance with the FERC
rulings. By mid March 1997, the Power Business Line
was consolidated all at one location in Portland, and the
Transmission Business Line was consolidated and located
at the Dittmer Control Center in VVancouver, Washington.

3. Northwest-Southwest Intertie

Much of the year was spent reviewing combined
Operational Transfer Capacity of the California-Oregon
Intertie and the Pacific DC Intertie as a result of the July
and August 1997 outages. Figure 13 displays the
fluctuation in the total capacity available over the fiscal
year. Frequently, the sum of the individual capacities of
the AC and DC lines were restricted by the combined
transfer limits set by the Western States Coordinating
Council. In real time operation, the reductions in the
capacity ratings led to more frequent problems with
unscheduled flow (also known as loop flow) throughout
the summer and fall. Unscheduled flow is governed by
the law of physics that causes power from a given source
to flow over all possible paths to its destination. To allow
for unscheduled flow, further reductions in the rated
capacity of the Intertie were necessary, calling for
widespread reduction of southbound energy deliveries.

4. Industry Changes

Sweeping changes in the West Coast energy market
began in late 1997 with the signing of California Law
AB1890, calling for deregulation of California’s investor-
owned electric utilities (I0Us), and opening the state’s

Table 26

FERC LICENSE ACTIVITY BY STATE

| ACTION | WA

1D MT WY | TOTAL |

OR
Licenses 60 24 45 8 3 140
License Applications 20 2 2 0 0 24
Exemptions 19 22 66 4 1 112
Exemption Applications 0 1 0 0 0 2
TOTALS 99 48 113 12 4 276
Back
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$21 billion electricity mark